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"IS L 

A su^piem^n volume 1984 Data Acquisition Databook. It will help you solve problems in data acquisition system 

design with /. J( , evices ICs, modules, and subsystems. It contains 3 categories of useful information: 

TECHNICAL DATA on more than 76 new IC products and 14 new modules and subsystems, introduced since publication 
of the Databook. 

SELECTION GUIDES, with tabular data, classifying and comparing all products recommended for new designs. When 
you’ve chosen products to look at more closely, the handy indexes will help you find complete technical data, either in this 
volume (for new products) or Voliunes I & II of the Databook (for other current products). 

INDEXES, updated to help you find what you’re looking for in these volumes. 

IF YOU KNOW THE MODEL NUMBER 

Turn to the product index beginning on page 1-20 in the back of the book and look up the model number. You will find the 
Volume, Section, and Page location of data sheets bound into Volume I, Volume II, and this volume. 

If you’re looking for a form-and-fimction-compatible version of an integrated circuit or hybrid product originally brought to 
market by some other manufacturer (second source), add our “AD” prefix (or “ADSP”, for digital signal processing ICs) and 
look it up in the index. 

IF YOU DON’T KNOW THE MODEL NUMBER 

Find the function in the Selection Guides Table of Contents on page 2-1 of this volume. Turn directly to the indicated page 
number. You will find one or more functional Selection Guides and comparative spec tables. The Selection Guide and/or spec 
tables will help you find the products that come closest to satisfying your need. Use them to compare all products in the 
category by salient criteria, no matter which Volume the technical data may reside in. Then refer to the Volume-Section-Page 
locations to find specific data sheet information. 

THIS BOOK IS NOT A SUBSTITUTE FOR THE 1984 DATABOOK 

There is much useful technical, specification, classification, and ordering information, in addition to product data, in the ^ 
1906 pages of Volumes I and II. If you don’t have a set and would like to receive one, request it from any Analog Devices 
office listed in the Worldwide Service Directory, in the last pages of this Volume. 

IF YOU CAN’T FIND IT . . . ASK! 

See the Worldwide Service Directory, 1-18 and 1-19 at the back of this volume. 
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General Introduction 


Analog Devices designs, manufactures and sells worldwide 
sophisticated electronic components and subsystems for use in 
precision measurement and control. More than six hundred 
standard products are produced in manufacturing facilities located 
throughout the world. These facilities encompass all relevant 
technologies, including bipolar, I^L, CMOS, BiMOS and hybrid 
integrated circuits—and assembled products in the form of 
potted modules, printed-circuit boards and instrument 
packages. 

State-of-the-art technologies have been utilized (and, in many 
cases, invented) to provide timely, reliable, easy-to-use advanced 
designs at realistic prices. More than twenty years of successful 
applications experience and continuing vertical integration insure 
that these products are oriented to user needs. The continuing 
application of present state-of-the-art and the invention of future 
state-of-the-art processes strengthens the leadership position of 
Analog Devices in data acquisition products. 

MAJOR PROGRESS 

Since our two-volume 1984 Data Acquisition Databook appeared, 
more than 90 significant new products have been introduced, 
with entries from all our product lines; they run the gamut from 
brand-new product categories and technologies to new standard 
products (with improvements in price, performance, or design) 
to augmented second-source products. They are all documented 
in this Volume. Selection Guides place them in the context of 
the rest of the product line. Among the landmark new products 
introduced since publication of the 1984 Databook are: the first 
Word-Slice^^ chips for microcoded DSP systems - the ADSP-1401 
Program Sequencer and ADSP-1410 Address Generator; the 64- 
Bit ADSP-3210 & ADSP-3220 floating-point Multiplier & ALU; 
the 2S50 LVDT/RVDT-to-Digital Converter; the AD202/204 
ultra-small, low cost isolation amplifiers; the single-chip AD538 
multifunction [Y(Z/X)^] Analog Computing Unit and the AD639 
Analog Trig-Function Generator; the monolithic AD569 16-Bit 
Monotonic DAC; the AD7549 single-chip dual 12-Bit DAC; the 
AD7572 complete-on-a-chip 12-Bit CMOS A/D Converter; and 
the monolithic 12-bit AD574A ADC, available in both plastic 
and ceramic packaging. 

THE DATABOOK SUPPLEMENT 

This Supplement is intended to make it easy for users of our 
products to consider the new products, to compare them with 
other products in our line as possible solutions to measurement- 
and-control equipment and system design problems, and to gain 
ready access to technical data on any of our products, whether it 
appears in this update or in Volumes I and II. 

To this end, the present supplement contains: 

• Technical data on all of the new products (ICs in Section 3; 
Modules & Subsystems in Section 4) 

• Updated Selection Guides, for comparing features and specifi¬ 
cations of all products, including the new ones (Section 2) 

• Two indexes to make product data easier to find, wherever it 
appears: 

• Index to Selection Guides in this volume (page 1-5) 

• Model-Number Index to product data in all 3 volumes 
(pages 1-20 through 1-25, at the back of the book) 


TECHNICAL SUPPORT 

Our extensive technical literature discusses the technology and 
applications of products for precision measurement and control. 
Besides tutorial material and comprehensive data sheets, including 
the many in the Databook, we offer Application Notes, Application 
Guides, Technical Handbooks (at reasonable prices), and several 
serial publications; for example Analog Productlog provides brief 
information on new products being introduced, and Analog 
Dialogue, our technical magazine, provides in-depth discussions 
of new developments in analog and digital circuit technology as 
applied to data acquisition, control and test. We maintain a 
mailing list of engineers, scientists and technicians with a serious 
interest in our products. In addition to databook catalogs—and 
updates, such as this one—^we also publish several short-form 
catalogs, on specific product families. You will find typical 
publications described on pages 1-15 through 1-17 at the back 
of the book. 

SAllES OFFICES 

Backing up our design and manufacturing capabilities and our 
extensive array of publications is a network of sales offices and 
representatives throughout the United States and most of the 
world. They are staffed by experienced sales and applications 
engineers, and many of them maintain a local stock of Analog 
Devices products. Our up-to-date Worldwide Service Directory 
appears on pages 1-18 and 1-19 at the back of the book. 

RELIABILITY 

The manufacture of reliable products is a key objective at Analog 
Devices. We maintain facilities that have been qualified under 
such standards as MIL-M-38510 for ICs and MIL-STD-1772 
for hybrids. More than 15 of our products—^both proprietary 
and second-source—^have qualified for JAN part numbers; others 
are in the process. Most of our ICs are available in versions that 
comply with MIL-STD-883C Class B. We publish a Military 
Products Databook for designers who specify ICs and hybrids for 
military contracts (the 1985 issue contains data on nearly 100 
available product families). A newsletter. Analog Briefings, pro¬ 
vides current information about the status of reliability at ADI. 

Our PLUS program makes available standard devices (commercial 
and industrial grades, plastic or ceramic packaging) for any user 
with demanding application environments, at a small premium. 
Subjected to stringent screening, similar to MIL-STD-883 test 
methods, they are often suffixed and are available from stock. 

PRODUCTS NOT CATALOGUED IN THE DATABOOK 

For maximum usefulness to designers of new equipment, we 
have limited the contents of the Databook to data sheets for 
products most likely to be used for the design of new circuits 
and systems. If the model number of a product you are interested 
in is not in any Index, turn to page 1-13 at the back of this 
volume where you will find a list of older products for which 
data sheets are available upon request. On page 1-14 you will 
find a guide to substitutions for products no longer available. 

PRICES 

Accurate, up-to-date prices are an important consideration in 
making a choice among the many available product families. 
Since prices are subject to change, current price lists and/or 
quotations are available upon request from our sales offices. 
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Operational Amplifiers 


BIFET 


NC 



AD547 

Ultra Low Drift: 1|iVrC - AD547L 

Low Offset Voltage: 0.25mV - AD547L 

Low Input Bias Currents: 25pA max, Warmed-Up 

Low Quiescent Current: 1.5mA 

Low Noise: 2pV p-p 

High Open Loop Gain: IIOdB 



AD548 

Low Quiescent Current: 200|jiA max 
AC Specs: l-SV/ps Slew Rate, 1MHz Unity Gain 
Bandwidth 

Low Input Bias Current: lOpA max, Warmed-Up 
(AD548L) 

Low Input Offset Current: 2pA typ (AD548L) 
Low Offset Voltage: 250|yiV max (AD548L) 

Low Drift: 2|xV/**C max (AD548L) 

Low Noise: 2 |lV p-p, 0.1 to 10Hz 
Improved Replacement for LF441 
Military Grade and Pius Parts Available 


AD611 

Low Offset Voltage: 0.5mV max (AD611K) 

Low Offset Voltage Drift: 10pV/**C max (AD611K) 
Low Bias Current: 50pA max (AD611K) 

High Slew Rate: 8V/p.s min 
Low Supply Current: 2.5mA max 
Fast Settling Time: 3|is 
Available in Hermetically-Sealed CERDIP or 
Metal Can Packages 


SPECIFICATIONS - Min or Max at Ta = +25"C 


Unity 

Gain Slew 


ModeP 

1b 

Vos 

VosTC 

Gain 

W/W 

CMR 

BW 

MHz 

Rate 

V/ps 

Temp. 

Range^ 

Volume* 

Section 


pA 

mV 

pV/X 

k 

dB 

typ 

typ 


Page 

AD547JH 

50 

1.0 

5 

100 

76 

1.0 

3.0 

C 

1-4-87 

AD547KH 

25 

0.5 

2 

250 

80 

1.0 

3.0 

C 

1-4-87 

AD547LH 

25 

0.25 

1 

250 

80 

1.0 

3.0 

C 

1-4-87 

AD547SH 

25 

0.5 

5 

250 

80 

1.0 

3.0 

E 

1-4-87 

AD548AH(AQ)(JN) 

25 

2 

20 

100 

80 

1.0 

1.8 

I/I/C 

S-3-65 

AD548BH(BQ)(KN) 

10 

0.5 

5 

100 

80 

1.0 

1.8 

I/I/C 

S-3-65 

AD548CH(CQ) 

10 

0.25 

2 

100 

80 

1.0 

1.8 

I/I 

S-3-65 

AD548SH 

25 

2 

20 

100 

80 

1.0 

1.8 

E 

S-3-65 

AD611JH(JQ) 

100 

2.0 

20 

30 

74 

2 

13 

C 

1-4-91 

AD611KH(KQ) 

50 

0.5 

10 

50 

80 

2 

13 

C 

1-4-91 


NOTES 

*Suffix“H”-metal header; Suffix “Q”-cerdip; Suffix‘‘N’’-plastic mini-DIP. 

= 0 to + 70“C, I = - 25“C to + SS^C, E = - 55°C to H- 125°C. 

*I = Volume 1 - Integrated Circuits; II == Volume 2 - Modules & Subsystems; S = This Volume. 


SELECTION GUIDES 2-3 





Operational Amplifiers 


DualBIFET 


+ Vs 



AD647 

Low Offset Voltage Drift 

Matched Offset Voltage 

Matched Offset Voltage Over Temperature 

Matched Bias Current 

Crosstalk - 124dB at 1kHz 

Low Bias Current: 35pA max Warmed-Up 

Low Offset Voltage: 250/|i,V max 

Low Input Voltage Noise: 2|jiV p-p 

High Open Loop Gain: 108dB 

Low Quiescent Current: 2.8mA max 

Low Total Harmonic Distortion 

Standard Dual Amplifier Pin Out 


+Vs 




AD648 

Low Quiescent Current: 400|jiA max 
AC Specs: 1.8V/|jis Slew Rate, 1MHz Unity Gain 
Bandwidth 

Low Input Bias Current: lOpA max, Warmed-Up 
(AD648L) 

Low Input Offset Current: 2pA typ (AD648L) 
Low Offset Voltage: 250|jiV max (AD648L) 

Low Drift: 2|iV/**C max (AD648L) 

Low Noise: 2|xV p-p, 0.1 to 10Hz 
Improved Replacement for LF441 
Military Grade and Plus Parts Available 


SPECIFICATIONS - Min or Max at Ta = +25^C 


ModeP Ib 

pA 

AD647JH 75 

AD647KH 35 

AD647LH 35 

AD647SH 35 

AD648AH(AQ)(JN) 25 

AD648BH(BQ)(KN) 10 

AD648CH(CQXLN) 10 

AD648SH 25 


NOTES 


Vos 

VosTC 

Gain 

VA^ 

CMR 

mV 

pV/*C 

V/Vk 

dB 

1.0 

10 

100 

76 

0.5 

5 

250 

80 

0.25 

2.5 

250 

80 

0.5 

5 

250 

80 

2 

20 , 

100 

80 

0.5 

5 

100 

80 

0.25 

2 

100 

80 

2 

20 

100 

80 


Unity 

Gain 

Slew 



BW 

Rate 

Temp. 

Volume* 

MHz 

V/ps 

Range^ 

Section 

typ 

typ 


Page 

1.0 

3.0 

C 

1-4-103 

1.0 

3.0 

C 

1-4-103 

1.0 

3.0 

C 

1-4-103 

1.0 

3.0 

E 

1-4-103 

1.0 

1.8 

I/I/C 

S-3-135 

1.0 

1.8 

I/I/C 

S-3-135 

1.0 

1.8 

I/I/C 

S-3-135 

1.0 

1.8 

E 

S-3-135 


‘Suffix “H” - metal header; Suffix “Q” - cerdip; Suffix “N” - plastic mini-DIP. 

=0 to + 70“C, I = - 25°C to + 85‘»C, E = - 55‘’C to + 125°C. 

*1=Volume 1-Integrated Circuits; 11=Volume 2-Modules & Subsystems; S=This Volume. 
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Electrometer 


GUARD 



AD515 

Ultra Low Bias Current: 0.075pA max (AD515L) 
O.ISOpA max (AD515K) 
0.300pA max (AD515J) 
Low Power: 1.5mA max Quiescent Current 
(0.8mA typ) 

Low Offset Voltage: I.OmV max (AD515K & L) 
Low Drift: ISpVrC max (AD515K) 

Low Noise: 4pV p-p, 0.1 to 10Hz 


GUARD 



AD545 

Low Offset Voltage: 0.5mV max (AD545L), 
0.25mV max (AD545M) 

Low Offset Voltage Drift: 5|jiVrC max (AD545L), 
3|iV/X max (AD545M) 

Low Power: 1.5mA max 

Low Bias Current: IpA max (AD545K, L, M) 

Low Noise: 3|jiV p-p, 0.1 to 10Hz 


SPECIFICATIONS - Min or Max at Ta = +25‘’C 


ModeP 

Ib 


pA 

AD515JH 

0.300 

AD515KH 

0.150 

AD515LH 

0.075 

AD545JH 

2 

AD545KH 

1 

AD545LH 

1 

AD545MH 

1 

NOTES 



Vos 

VosTC 

Gain 

CMR 

mV 

pV/^C 

V/V 

dB 

3.0 

50 

20k 

66 

1.0 

15 

40k 

80 

1.0 

15 

25k 

70 

1.0 

25 

20k 

66 

1.0 

15 

40k 

70 

0.5 

5 

40k 

76 

0.25 

3 

40k 

76 


Unity 

Gain 

BW 

Slew 

Rate 

Temp. 

Volume* 

MHz 

V/ps 

Range^ 

Section 

typ 

typ 


Page 

0.35 

0.3 

C 

1-4-59 

0.35 

0.3 

C 

1-4-59 

0.35 

0.3 

C 

1-4-59 

0.7 

0.3 

C 

1-4-83 

0.7 

0.3 

C 

1-4-83 

0.7 

0.3 

C 

1-4-83 

0.7 

0.3 

C 

1-4-83 


‘ Suffix “H” - metal header. 

= 0 to + 70°C, I = - 25“C to + 85°C. 

== Volume 1 - Integrated Circuits; II = Volume 2 - Modules * Subsystems; S = This Volume. 
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Operational Amplifiers 

Precision 




NULL 



null[T 



3 

- INPUT [~2~ 

- 


3 

+ INPUT [T 



3 

-Vs[T 

AD OP-27 

3 


NULL 




AD OP-07 

Ten Times More Gain Than Other OP-07 Devices 
(3.0M min) 

Uitra-Low Offset Voltage: 10|iV 

Ultra-Low Offset Voltage Drift: 0.2|tV/X 

Ultra-Stable vs. Time: 0.2|A,V/month 

Ultra-Low Noise: 0.35|jiV p-p 

No External Components Required 

Monolithic Construction 

High Common Mode Input Range: ± 14.0V 

Wide Power Supply Voltage Range: ±3V to ±18V 

Fits 725,108A/308A, 741 Sockets 


AD OP-27 

Ultra-Low Noise: 80nV p-p (0.1Hz to 10Hz), 
3nV/Vliz at 1kHz 

Ultra-Low Offset Voltage Drift: 0.2|jiV/*’C 
High Offset Stability Over Time: 0.2p.V/month 
High Slew Rate: 2.8V/ps 
High Gain Bandwidth Product: 8MHz 
Low Offset Voltage: lOpV 

High CMRR: 126dB over ±11V Input Voltage Range 
Fits OP-07, OP-05, OP-06, 5534,725, 714 and 
741 Sockets 


AD OP-37 

Ultra-Low Noise: 80nV p-p (0.1Hz to 10Hz), 

3nV/VHz at 1kHz 
High Speed: 17V/fiis 
High Gain Bandwidth Product: 63MHz 
Ultra-Low Offset Voltage Drift: 0.2pVrC 
High Offset Stability Over Time: 0.2|ji.V/month 
Low Offset Voltage: lOpV 

High CMRR: 126dB Over ±11V Input Voltage Range 
Fits OP-07, OP-05, OP-06, 5534, LH0044, 

5130, 3510, 725, 714 and 741 Sockets 
in Gains ^ 5 


SPECIFICATIONS >• Min or Max at Ta = +25°C 

Slew 





Noise 

Gain 


GBW 

Rate 


Temp. 

Volume* 

Model' 

Vos 

VosTC 

O.l-lOHz 

V/V 

In 

MHz 

V/^8 

CMR 

Range^ 

Section 


nv 

ii\rc 

IsV.pp 

k 

nA 

typ 

typ 

dB 


Page 

ADOP-07DH(DQXDN) 

150 

2.5 

0.65 

1200 

12 

0.6 

0.17 

94 

C 

1-4-129 

ADOP-07CH(CQXCN) 

150 

1.8 

0.65 

1200 

7 

0.6 

0.17 

100 

C 

1-4-129 

ADOP-07EH(EQ)(EN) 

75 

1.3 

0.6 

2000 

4 

0.6 

0.17 

106 

C 

1-4-129 

ADOP-07H(Q) 

75 

1.3 

0.6 

2000 

3 

0.6 

0.17 

no 

E 

1-4-129 

ADOP-07AH(AQ) 

25 

0.6 

0.6 

3000 

2 

0.6 

0.17 

no 

E 

14-129 

ADOP-27GH(GQXGN) 

100 

1.8 

0.25 

700 

80 

8.0 

2.8 

100 

I 

14-135 

AD0P-27FH(FQXFN) 

60 

1.3 , 

0.18 

1000 

55 

8.0 

2.8 

106 

I 

1-4-135 

ADOP-27EH(EQXEN) 

25 

0.6 

0.18 

1000 

40 

8.0 

2.8 

114 

I 

1-4-135 

ADOP-27CH(CQ) 

100 

1.8 

0.25 

700 

80 

8.0 

2.8 

100 

E 

1-4-135 

ADOP-27BH(BQ) 

60 

1.3 

0.18 

1000 

55 

8.0 

2.8 

106 

E 

1-4-135 

ADOP-27AH(AQ) 

25 

0.6 

0.18 

1000 

40 

8.0 

2.8 

114 

E 

14-135 

ADOP-37GH(GQ)(GN) 

100 

1.8 

0.25 

700 

80 

63 

17 

100 

I 

S-3-339 

ADOP.37FH(FQXFN) 

60 

1,3 

0.18 

1000 

55 

63 

17 

106 

I 

S-3-339 

ADOP-37EH(EQ)(EN) 

25 

0.6 

0.18 

1000 

40 

63 

11 

114 

I 

S-3-339 

ADOP-37CH(CQ) 

100 

1.8 

0.25 

700 

80 

63 

17 

100 

£ 

S-3-339 

ADOP-37BH(BQ) 

60 

1.3 

0.18 

1000 

55 

63 

17 

106 

E 

S-3-339 

ADOP-37AH(AQ) 

25 

0.6 

0.18 

1000 

40 

63 

17 

114 

E 

S-3-339 


NOTES 

'Suffix “H”-tnetal header; Suffix “Q”-cerdip; Suffix “N”-plastic mini-DIP. 

^=0 to + 70“C, I = - 25"C to + 85"C, E = - 55*C to + 125-C. 

*1-Volume 1-Integrated Circuits: II=Volume2-Moduies&Subsystems; S^This Volume. 


2‘6 SELECTION GUIDES 








MODEL 52 

Guaranteed Low Noise 1.5|i,V p-p max (0.01 to 1Hz) 
Low Voltage Drift: 2pV/**C max (52K) 

Low Bias Current: 3pA, max 

High CMR: lOOdB, min 

High Voltage Gain: 120dB, min 

Wide Power Supply Range: ±9V to ±18V 

Excellent Long Term Stability: SpV/month 

Fast Thermal Response 



+ Vs 
COM 


-Vs 


OUT 

TRIM 


MODEL 234 

Low Drift: O.liiV/X, 1pA/°C 
Offset Stability: 2pV per month 
Submicrovolt Noise: O.TpV p-p (0.01 to 1Hz B.W.) 
Fast Response: 2.5MHz B.W., 4ps Settling (0.01%) 


MODEL 235 

Low Cost 

Ultra-Low Noise: 0.5pV p-p, 1Hz B.W. (2p,V, max) 
Very Low Drift: O.lpVA^C max, 0.5pA/^C max (235L) 
Excellent Long Term Stability: 5pV/yr 
Low Profile: 0.5" Height 


SPECIFICATIONS - Min or Max at Ta = +25^C 


Model 

Ib 


pA 

52J 

3 

52K 

3 

234J 

100 

234K 

100 

234L 

100 

235J 

100 

235K 

50 

235L 

50 

NOTES 



Vos 

VosTC 

Gain 

CMR 

mV 

pV/X 

y/w 

dB 

0.5 

3 

1,000k 

100 

0.5 

2 

1,000k 

100 

0.05 

1 

10,000k 

N/A 

0.02 

0.3 

10,000k 

N/A 

0.02 

0.1 

10,000k 

N/A 

0.025 

0.5 

50,000k 

N/A 

0.025 

0.25 

50,000k 

N/A 

0.015 

0.1 

50,000k 

N/A 


Unity 

Gain 

Slew 



BW 

Rate 

Temp. 

Volume* 

MHz 

V/ps 

Range^ 

Section 

typ 



Page 

0.5 

0.25 

C 

II-4-19 

0.5 

0.25 

C 

II-4-19 

2.5 

30 

C 

II-4-23 

2.5 

30 

C 

II-4-23 

2.5 

30 

C 

II-4-23 

1 

0.3 

C 

II-4-23 

1 

0.3 

C 

II-4-23 

1 

0.3 

C 

II-4-23 


^C = 0to +70'’C. 

^1 = Volume 1-Integrated Circuits; II == Volume 2-Modules & Subsystems; S== This Volume. 
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Operational Amplifiers 

High Speed, Fast Settling 



COMP 



COMP 



NULL 
-INPUT 
+ INPUT 

-Vs 


E 

E- 

E- 

E 


3 

3 

3 

3 


COMP 

+Vs 

OUTPUT 

NULL 


AD380 

High Slew Rate: 330V/|is 

Fast Settling to 0.01%: 250ns 

High Output Current: 50mA 

Low Input Bias Currents (lOpA - AD380L) 

Low Noise (3.3p.V p-p) 


AD509 

Fast Settling Time 
0.1% in 500ns max 
0.01% in 2.5|jis max 
High Slew Rate: lOOV/ps min 
Low los: 25nA max 
Guaranteed Vqs Drift: SOpVrC max 
High CMRR: 80dB min 
Drives 500pF 
Low Price 


AD518 

High Slew Rate: 70V/)ts 

Wide Bandwidth: 12MHz 

60^ Phase Margin (At Unity Gain Crossover) 

Drives 300pF Load 

Guaranteed Low Offset Drift: 

15pVrC max (AD518K) 

Pin Compatible with 118-Type 
Op Amp Series 
Mil-Standard Parts Available 
8-Pin Plastic Mini-DIP or TO-99 Hermetic 
Metal Can 


SPECIFICATIONS - Min or Max at Ta = +25°C 
Unity 



Gain 

Slew 

Settling 









BW 

Rate 

Time 

Gain 





Temp. 

Volume^ 

ModeP 

MHz 

V/ps 

ns 

V/V 

Ib 

Vos 

VosTC 

CMR 

Rangc^ 

Section 


typ 

typ 

typ 

k 

nA 

mV 

|jiV/“C 

dB 


Page 

AD380JH 

40 

330 

250 

40 

0.1 

2.0 

50 

60 

C 

1-4-27 

AD380KH 

40 

330 

250 

40 

0.1 

1.0 

20 

60 

C 

1-4-27 

AD380LH 

40 

330 

250 

40 

0.1 

1.0 

10 

60 

C 

1-4-27 

AD380SH 

40 

330 

250 

40 

0.1 

1.0 

50 

60 

E 

1-4-27 

AD509JH 

20 

120 

200 

7.5 

250 

10 

- 

74 

C 

1-4-51 

AD509KH 

20 

120 

200 

10 

200 

8.0 

30 

80 

C 

1-4-51 

AD509SH 

20 

120 

200 

10 

200 

8.0 

30 

80 

E 

1-4-51 

AD518JH(JN) 

12 

70 

800 

25 

500 

10.0 


70 

C 

1-4-71 

AD518KH(KN) 

12 

70 

800 

50 

250 

4.0 

15 

80 

C 

1-4-71 

AD518SH 

12 

70 

800 

50 

250 

4.0 

20 

80 

E 

1-4-71 


NOTES 

^Suffix “H” - metal header; Suffix “N” - plastic mini-DIP. 

= 0 to + 70°C, E = - 55°C to + 125°C. 

*I = Volume 1 - Integrated Circuits; II=Volume 2 - Modules & Subsystems; S=This Volume. 


2-8 SELECTION GUIDES 





NULL (1 





NULL 
-INPUT 
+ INPUT 
-Vs 


T~|nc 

[^+Vs 

3 
3 


OUTPUT 

NULL 




AD711/712 

Improved Replacement for LF411/LF412 
Dual Version Available: AD712 
AC Performance: 

Settles to 0.01% in Ips 
Slew Rate (Unity Gain): ISV/ps min (AD711B) 
Small Signal Bandwidth: 4MHz 
DC Performance: 

Low Offset Voltage: 0.25mV max (AD711C) 

Low Offset Voltage Drift: 5|jiV/**C max (AD711C) 
Low Bias Current: 25pA max (AD711C) 

High Open Loop Gain: 100,000 VAA (lOOdB) min 
Low Noise: SpV p-p, 0.1Hz to 10Hz max (AD711C) 


2 


SPECIFICATIONS - Min or Max at Ta = +25"C 

Unity 

Gain 


ModeP 

BW 

MHz 

Slew 

Rate 

Settling 

Time 

Gain 


typ 

V/|is 

ns 

VN 

AD711AH(AQ)(JN) 

4 

16 

1000 

100k 

AD711BH(BQ)(KN) 

4 

18 

1000 

100k 

AD711CH(CQ) 

4 

18 

1000 

100k 

AD711SH(SQ) 

4 

16 

1000 

100k 

AD712AH(AQ)(JN) 

4 

16 

1000 

100k 

AD712BH(BQ)(KN) 

4 

18 

1000 

100k 

AD712CH(CQ) 

4 

18 

1000 

100k 

AD712SH(SQ) 

4 

16 

1000 

100k 


NOTES 

^ Suffix “H” - metal header; Suffix “Q” - cerdip; Suffix “N” - plastic mini-DIP. 

= 0 to + 70°C, I = - 25°C to + 85°C, E = - 55°C to + 125“C. 

= Volume 1 - Integrated Circuits; II = Volume 2 - Modules * Subsystems; S = 


Ib 

Vos 

VosTC 

CMR 

fl 

Volume* 

Section 

pA 

mV 

|jiV/“C 

dB 


Page 

50 

2 

20 

74 

I/I/C 

S-3-163 

50 

0.5 

10 

76 

I/I/C 

S-3-163 

25 

0.25 

5 

80 

I/I 

S-3-163 

50 

2 

20 

74 

E/E 

S-3-163 

50 

3 

20 

74 

I/I/C 

S-3-165 

50 

1 

10 

76 

I/I/C 

S-3-165 

25 

0.5 

5 

80 

E/E 

S-3-165 

50 

3 

20 

74 

E/E 

S-3-165 


This Volume. 
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Operational Amplifiers 

High Speed, Fast Settling 


+ V5 



MODELS 50 & 51 

Fast Settling: 200ns max, 0.05% (50J/K) 

100ns max, 0.1% (50J/K) 

100mA Output: dc to 8MHz (50J/K) 
dc to 6MHz (51A/B) 

All Hermetically-Sealed Semiconductors (51A/B) 
-55X to +125X Temperature Range (51 A/B) 
100MHz Gain Bandwidth (50J/K) 


SPECIFICATIONS - Min or Max at Ta - + 25X 

Unity 

Gain Slew 








BW 

Rate 

Temp. 

Volume* 

Model 

Ib 

Vos 

VosTC 

Gain 

CMR 

MHz 

V/ps 

Range^ 

Section 


nA 

mV 

pV/“C 

dB 

dB 

typ 

V/ps 


Page 

50J 

2 

3 

50 

88 

60 

100 

500 

C 

II-4-17 

50K 

2 

3 

15 

88 

60 

100 

500 

C 

n-4-17 

51A 

2 

3 

50 

94 

60 

80 

400 

I 

II-4-17 

51B 

2 

3 

20 

94 

60 

80 

400 

I 

114-17 


NOTES 

= 0 to + 70^0, 1 = - 25‘’C to + SSX. 

*I = Voivune 1 - Integrated Circuits; II =Volume 2 - Modules & Subsystems; S = This Volume. 
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Wideband/Buffers 




AD3554 

Very High Slew Rate: 1000V/|iS 
Fast Settling: 150ns max to ±0.05% 

Gain Bandwidth Product: 1.7GHz typical 
High Output Current: 100mA min @ Vqut^IOV 
Full Differential Input 


ADLH0032 

2nd Source: Replaces All LH0032G 
High Slew Rate: SOOV/ps 
Wide 70MHz Bandwidth 
Operation Guaranteed -55®Cto +125®C 
(ADLH0032G) 

High Input Impedance of 
2mV Input Offset Voltage 


ADLH0033 

2nd Source: Replaces All LH0033G Series 
Wide Bandwidth - dc to 100MHz 
High Slew Rate - ISOOV/ps 
Operates on Single or Dual Power Supplies 
Operation Guaranteed -55Xto +125X 
(ADLH0033G) 

High 10‘'^n Input Impedance 


SPECIFICATIONS - Min or Max at Ta = +25"C 



Unity 





Gain 


Settling 



BW 

Slew 

Time 


Model^ 

MHz 

Rate 

ns 

Gain 


typ 

V/|jis 

typ 

VA^ 

AD3554AM 

90 

1000 

120 

100k 

AD3554BM 

90 

1000 

120 

100k 

AD3554SM 

90 

1000 

120 

100k 

ADLH0032G 

70 

350 

300 

Ik 

ADLH0032GH 

70 

350 

300 

Ik 

ADLH0033G 

100 

1000 

_ 

0.97 

ADLH0033CG 

100 

1000 

_ 

0.97 


NOTES 

* Suffix “M” - metal TO-3 style header; Suffix “G” - metal TO-8 style header. 

= - 25°C to 4- 85“C, E = - 55“C to + 125°C. 

*I = Volume 1 - Integrated Circuits; II = Volume 2 - Modules & Subsystems; S 


Ib 

Vos 

VosTC 

CMR 

Temp. 

Volume* 

nA 

mV 

pvrc 

dB 

Range^ 

Section 

max 

max 

max 

min 


Page 

0.05 

2 

50 

60 

I 

1-4-111 

0.05 

1 

15 

60 

I 

1-4-111 

0.05 

1 

25 

60 

E 

1-4-111 

0.1 

5 

50 

50 

E 

1-4-121 

0.2 

15 

50 

50 

I 

1-4-121 

0.1 

10 

100 

_ 

E 

1-4-125 

0.1 

20 

100 

- 

I 

14-125 


= This Volume. 
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Operational Amplifiers 




















Operational Amplifiers 


Volume* 

Section 

Page 

II-4-21 

II-4-21 


Ultra-Fast 

AD9685BD/BH FUNCTIONAL BLOCK DIAGRAM (SINGLE) 

AD9685/9687 

2.2ns Prop Delay (AD9685) 
2.7ns Prop Delay (AD9687) 
Typical 0.5ns Latch Setup 
Standard +5V/-5.2V Power 


AD9687BD FUNCTIONAL BLOCK DIAGRAM (DUAL) 



LATCH ENABLE LATCH ENABLE 


SPECIFICATIONS - 

Min or Max at Ta = 

+ 25"C 






Input 

Input 

Input 

Prop 

Prop 

Minimum 

Volume* 

ModeP 

Offset 

Offset 

Bias 

Delay (ns) 

Delay (ns) 

Setup/Hold 

Section 


mV 

pA 

pA 

tpD + &tpD — 

tpD + (E) & tpD - (E) 

(ns) 

Page 

AD9685BD/BH 

±5 

5 

10 

2.2 

2.5 

1/1 

1-4-117 

AD9687BD 

±5 

5 

10 

2.7 

2.7 

1/1 

1-4-117 


NOTES 

‘AD9685BD- 16-Pin DIP; AD%85BH-T0100; AD%87BD- 16-Pin DIP. 

*I = Volume 1 - Integrated Circuits; II = Volume 2 - Modules & Subsystems; S = This Volume. 
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High Voltage 



MODEL 171 

High Output Voltage: ± 140V 
High CMR: lOOdB min 

Operates with a Wide Range of Power Supplies 
±25VDcto ±150 Vdc 
HighCMV: ±(|Vs| -lOV) 

Full Power Response: 15lcHz min 


SPECIFICATIONS - Min or Max at Ta = +25°C 








Unity 

Gain 

Slew 

Temp. 

Model 

Is 

Vos 

VosTC 

Gain 

CMR 

BW 

Rate 

Range^ 


pA 

mV 

tLVrC 

V/V 

dB 

IViHztyp 

V/ps 


171J 

50 

1 

50 

1,000k 

100 

3 

10 

C 

171K 

20 

1 

15 

1,000k 

100 

3 

10 

C 


NOTES 

‘C = 0to +70°C. 

*I = Volume 1 - Integrated Circuits; II = Volume 2 - Modules & Subsystems; S = This Volume. 


Comparators 
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Isolation Amplifiers 

































MODEL 290A 

Isolated Power Supply: ±13V dc @ ±5mA (290A) 
Low Nonlinearity: 0.1% @ 10V pk-pk Output 
High Gain Stability: 0.001%/1000 Hours: 0.01%/**C 
Small Size: 1.5" x 1.5" x 0.62" 

Low Input Offset Voltage Drift: lOpVrC 
(Gain^lOOVA^) 

Wide input/Output Dynamic Range: 20V pk-pk 
High CMV Isolation: 1500V dc. Continuous 
Wide Gain Range: 1 to 100VA/ 



MODEL 292A 



Multichannel Capability Using External Oscillator 
(292A) 

Isolated Power Supply: ± 15mA (292A) 

Low Nonlinearity: 0.1% @ 10V pk-pk Output 
High Gain Stability: 0.001%/1000 Hours; 0.01%/X 
Small Size: 1.5" x 1.5" x 0.62" 

Low Input Offset Voltage Drift: 10p,V/"C 
(Galn=:100A^A^) 

Wide Input/Output Dynamic Range: 20V pk-pk 
High CMV Isolation: 1500V dc. Continuous 
Wide Gain Range: 1 to 100V/V 


SPECIFICATIONS - Min or Max at Ta = +25°C 



Gain 

Gain 

CMV 

Input 

Frequency 

Temp. 

Volume* 

Model 

Range 

Nonlinearity 

In/Out 

T.C.^ 

Response 

Range^ 

Section 


VA^ 

%typ 

Vpk 

pVACtyp 

kHztyp 


Page 

290A 

ItolOO 

0.25 

1500 

11.5 

2.5 

I 

II-5-21 

292A 

ItolOO 

0.25 

1500 

10.5 

2.5 

I 

II-5-21 


NOTES 

‘At gain = 100 VA;^. 

2l=-25®Cto+85“C. 

= Volume 1 - Integrated Circuits; II = Volume 2 - Modules & Subsystems; S = This Volume. 
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Isolation Amplifiers 



MODEL 277 

Versatile Op Amp Front End: Inverting, 
Noninverting, Differential Applications 
Low Nonlinearity: 0.025% max. Model 277K 
Low Input Offset Voltage Drift: IpV/X max. 
Model 277K 

Floating Power Supply: ±15V dc @ ±15mA 
High CMR: 160dB min @ dc 
High CMV: SSOOV^ms 



MODEL 289 

Low Nonlinearity: ±0.012% max (289L) 
Frequency Response: (~3dB) dc to .20kHz 

(Full Power) dc to 5kHz 
Gain Adjustable 1 to 100V/V, Single Resistor 
3-Port Isolation: ±2500V CMV Isolation 
Input/Output 

Low Gain Drift: ±0.005%rC max 
Floating Power Output: ±15V @ ±5mA 
120dB CMR at 60Hz: Fully Shielded Input Stage 
Meets UL Std. 544 Leakage: 2pA rms max, 
@115V ac, 60Hz 


SPECIFICATIONS - Min or Max at Ta = +25°C 



Gain 

Gain 

CMV 

Input 

Frequency 

Temp. 

Volume'* 

Model 

Range 

Nonlineari^ 

In/Oiit 

T.C.^ 

Response 

Range^ 

Section 


W/V 

% 

Vpk 

pV/^C 

kHztyp 


Page 

289J 

1 to 100 

0.05 

2500 

22 

20 

C 

II-5-17 

289K 

1 to 100 

0.025 

2500 

16 

20 

C 

II-5-17 

289L 

ItolOO 

0.012 

2500 

10.5 

20 

C 

II-5-17 

277J 

1 to 1000 

0.05 

2500 

3 

2.5 

C 

II-5-9 

271K 

1 to 1000 

0.025 

2500 

1 

2.5 

G 

II-5-9 

277A 

ItolOOO 

0.05 

2500 

3 

2.5 

I 

11-5-9 


NOTES 

^ At maximum gain. 

=0 to + 70*C, I = - ZSX to + 85“C. 

M = Volume 1-Integrated Circuits; 11 = Volume 2-Modules & Subsystems; S = This Volume. 
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INPUT SHIELD] | 


MODEL 284J 

High CMV Isolation: ±5000V pk, 10ms Pulse; 

± 2500V dc Continuous 
High CMR: IIOdB min with 5kn Imbalance 
Low Nonlinearity: 0.05% @ 10V pk<pk Output 
High Gain Stability: ±0.0075%/X, ±0.001%/1000 
hours 

Low Input Offset Voltage Drift: lOfjiVrC, 

G = 100V/V 

Resistor Programmed Gain: 1 to 10VA/ (284J) 
Isolated Power Supply: ±8.5V dc @ ±5mA (284J) 
Meets EEE Std 472: Transient Protection (SWC) 
Meets UL Std 544 Leakage @ 115V ac, 60Hz: 
2.0|jiA max (284J) 



■O) 0 100kHz 
OSC 
INPUT 


MODEL 286J 

High CMV Isolation: ±5000V pk, 10ms Pulse; 

± 2500V dc Continuous 
High CMR: IIOdB min with 5kn Imbalance 
Low Nonlinearity: 0.05% @ 10V pk-pk Output 
High Gain Stability: ±0.0075%/°C, ±0.001%/1000 
hours 

Low Input Offset Voltage Drift: lOpV/X, 

G = 100V/V 

Resistor Programmed Gain: 1 to 100VA/ (286J) 
Isolated Power Supply: ±15V dc @ ±15mA (286J) 
Meets IEEE Std 472: Transient Protection (SWC) 
Meets UL Std 544 Leakage @ 115V ac, 60Hz: 

2.5pA max (284J) 


SPECIFICATIONS - Min or Max at Ta = + 25‘’C 



Gain 

Gain 

CMV 

Input 

Frequency 

Temp. 

Volume* 

Model 

Range 

Nonlinearity 

In/Out 

T.C.^ 

Response 

Range^ 

Section 


V/V 

%typ 

Vpk 

|tV/*Ctyp 

kHz 


Page 

284J 

ItolO 

0.05 

2500 

35 

1 

C 

II-5-11 

286J 

1 to 100 

0.05 

2500 

10 

1 

C 

II-5-11 


NOTES 

^ At maximum gain. 

2C=0to+70X:. 

*I=Volume 1-Integrated Circuits; 11 = Volume 2-Modules&Subsystems; S = Thi5 Volume. 
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Isolation Amplifiers 






























































Instrumentation Amplifiers 

Precision 



AD524 

Pin Programmable Gains of 1,10,100,1000 
Low Noise: 0.3|jiV p-p 0.1Hz to 10Hz 
Low Nonlinearity: 0.003% (G = 1) 

High CMRR: 120dB (G = 1000) 

Low Offset Voltage: SOpV 
Low Offset Voltage Drift: 0.5pV/*t) 

Gain Bandwidth Product: 25MHz 
Input Protection, Power On - Power Off 
No External Components Required 
Internally Compensated 



AD624 

Pin Programmable Gains of 1,100, 200, 500,1000 
Low Noise: 0.2|jiV p-p 0.1Hz to 10Hz 
Low Gain TC: Sppm max (G ^ i) 

Low Nonlinearity: 0.001% max (Q b 1 to 200) 
High CMRR: 130dB max (G = 500 to 1000) 

Low Input Offset Voltage: 25p.V, max 
Low Input Offset Voltage Drift: 0.25|iV/X max 
Gain Bandwidth Product: 25MHz 
No External Components Required 
Internally Compensated 


SPECIFICATIONS - Min or Max at Ta = H-25*C 


Input Small 



Gain 

Gain 


Input 

Offset 

Signal 





Error 

Tempco 

Nonlinearity 

Offset 

Voltage 

Band¬ 

RTI 

Temp. 

Volume^ 

Modei^ 

(G=100) 

(G=100) 

(G=100) 

Voltage 

Drift 

width 

Noise 

Range^ 

Section 


% 

ppm/**C 

% 

pV 

pV/*C 

MHz 

|tVp.p2 


Page 

AD524AD 

±0.5 

35 

±0.01 

250 

2 

1 

0.3 

I 

1-5-31 

AD524BD 

±0.35 

25 

±0.005 

100 

0.75 

1 

0.3 

I 

1-5-31 

AD524CD 

±0.25 

25 

±0.003 

50 

0.5 

1 

0.3 

I 

1-5-31 

AD524SD 

±0.5 

25 

±0.01 

50 

2.0 

1 

0.3 

E 

1-5-31 

AD624AD 

±0.25 

10 

±0.005 

200 

2 

1 

0.2 

I 

1-5-43 

AD624BD 

±0.15 

10 

±0.003 

75 

0.5 

1 

0.2 

I 

1-5-43 

AD624CD 

±0.1 

10 

±0.001 

25 

0.25 

1 

0.2 

I 

1-5-43 

AD624SD 

±0.25 

10 

±0.005 

75 

2 

1 

0,2 

E 

1-5-43 


NOTES 

* Suffix *‘D” - ceramic DIP. 

2RTI Noise (0.1 to lOHz) and G = 1000. 

= - 25“C to + 85°C; E = - 55°C to + 125“C. 

= Volume 1 - Integrated Circuits; II = Volume 2 - Modules & Subsystems; S = This Volume. 
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Instnimentation Amplifiers 

Programmable Gain 


RTI 

NULL 



AD365 

Software Programmable Gain (1,10,100, 500) 
includes Fast Sample>and-Hold Amplifier 
Low Input Noise (0.2pV p-p) 

Low Gain Error (0.05% max) 

Low Nonlinearity (0.005% max) 

Low Gain Drift (10ppm/**C max) 

Low Offset Drift (2pVrC RTI max) 

Fast Settling (15ps @ Gain 100) 

Small 16-Pin Metal DIP 



AD625 

Resistor Programmable Gain Amp 
Low Noise: 0.2fiV p-p 0.1Hz to 10Hz 
Low Nonlinearity: 0.001% max (G == 1 to 500) 
High CMRR: 130dB max (G=500) 

Low Offset Voltage: 25pV max 
Low Offset Voltage Drift: 0.25pV/*’C max 
Gain Bandwidth Product: 25MHz 
Internally Compensated 
Versatile Gain Programming 
Software Programmable Gain Amp 


SPECIFICATIONS 

- Min or Max at Ta = 

+ 25°C 



Gain 

Gain 

Gain 

ModeP 

Range 

Error 

% 

Tempco 

ppni/®C 

AD365AM 

1,10,100,500 

0.1 

10 

AD625AD(JN) 

1 to 10,000 

0.01 

5 

AD625BD(KN) 

1 to 10,000 

0.008 

5 

AD625CD 

1 to 10,000 

0,005 

5 

AD625SD 

1 to 10,000 

0.01 

5 


NOTES 

* Suffix “M” - metal DIP; Suffix “D” - ceramic DIP; Suffix “N” - plastic mini-DIP. 
^RTI noise specified at 0.1 to lOHz, G = 500. 

=0 to + 70°C, I = - 25‘’C to + 85^, E = - 55“C to + IZS^C. 


Input 


Input Offset 


Offset 

Voltage 

Band- 

RTI 

Temp. 

Volume* 

Voltage 

Drift 

Width 

Noise 

Range^ 

Section 

pV 

pV/®C 

kHz 

pVp-p2 


Page 

200 

2 

850 

0.2 

I 

S-3-19 

200 

2 

850 

0.2 

I/C 

S-3-111 

50 

0.5/1 

850 

0.2 

I/C 

S-3-111 

25 

0.25 

850 

0.2 

I 

S-3-111 

200 

2 

850 

0.2 

E 

S-3-111 


*1= Volume 1 - Integrated Circuits; II = Volume 2 - Modules & Subsystems; S=This Volume. 
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Analog Signal Processing Components 


Multipliers/Dividers 



AD532 

Pretrimmed to ±1.0% (AD532K) 

No External Components Required 
Guaranteed ±1.0% max 4-Quadrant 
Error (AD532K) 

Diff Inputs For (X, - Xj) (Y, - Yjl/IOV 
Transfer Function 
Monolithic Construction, Low Cost 
MIL-M-38510 Slash Sheet Part 




AD534 

Pretrimmed to ±0.25% max 4-Quadrant Error 
(AD534L) 

All Inputs (X, Y and Z) Differential, High Impedance 
for [(X, - Xz) (Yi - Yzl/IOVU-zz Transfer Function 
Scale-Factor Adjustable to Provide up to XI00 Gain 
Low Noise Design: OOfjiV rms, lOHz-IOkHz 
Low Cost, Monolithic Construction 
Exceilent Long Term Stabiiity 
MIL-M-38510 Slash Sheet Part 


SPECIFICATIONS - Min or Max at Ta = -h25°C 





X 



Accuracy 

Nonlinearity 


Full Scale 

vs. 

% of 

ModcP 

Accu]:acy-% 

Temperature 

Full Scale 


max 

%r*C(typ) 


AD532JDaH) 

2 

0.04 

0.8 

AD532KD(KH) 

1 

0.03 

0.5 

AD532SD(SH) 

1 

0.04 max 

0.5 

AD534JD(JH) 

1 

0.022 

0.4 

AD534KD(KH) 

0.5 

0.015 

0.3 max 

AD534LD(LH) 

0.25 

0.008 

0.12 max 

AD534SD(SH) 

1 

0.02 max 

0.4 

AD534TD(TH) 

0.5 

0.01 max 

0.3max 


NOTES 

* Suffix “H” - metal header; Suffix “D” - ceramic DIP. 

=0 to + 70°C, E = - SSX to + 125“C. 

= Volume 1 - Integrated Circuits; II = Volume 2 - Modules & Subsystems; S 


Y 


Nonlinearity 

Bandwidth 

Operating 



% of 

Small 

Power 

Temp. 

Volume* 

Full Scale 

Signal 

Supply 

Range^ 

Section 

(typ) 

MHz(typ) 

V 


Page 

0.3 

1 

±10to±18 

C 

1-6-17 

0.2 

1 

±10to±18 

C 

1-6-17 

0.2 

1 

±10to±22 

E 

1-6-17 

0.01 

1 

±8to±18 

C 

1-6-27 

0.01 max 

1 

±8 to ±18 

C 

1-6-27 

0.01 max 

1 

oo 

+1 

o 

oo 

+1 

C 

1-6-27 

0.01 

1 

±8to±18 

E 

1-6-27 

0.01 max 

1 

±8to±18 

E 

1-6-27 


This Volume. 
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Analog Signal Processing Components 


Multipliers/Dividers 



A 

0 

>x 

Vx 

SIGNAL 

GNO 

PWR 

GNO 

C 

•y 

Vv 


AD538 

Transfer Function Vy 1^1 

Wide Dynamic Range 
Anaiog Muitiplication and Division 
Resistor Programmabie Powers & Roots 
Low Input Offsets <100|iV 

Excellent Gain and Nonlinearity •> 0.25% of Reading 
+2V and +10V On-Chip References 
Monolithic Construction 



AD539 

Two Quadrant Muitiplication/Division 
Two independent Signal Channels 
Signal Bandwidth of 60MHz (Iout) 
Linear Control-Bandwidth of 5MHz 
Fully-Calibrated, Monolithic Circuit 


SPECIFICATIONS - Min or Max at Ta = +25"C 



Multiplication 

Multiplication 

Error 


Error 

T„i„toT„ax 

ModeP 

% Of Full Scale 

% of FuU Scale 

AD538AD 

500|xV+1.03 

250|xV + 2.03 

AD538BD 

250p,V + 0.5^ 

500m.V+1.0^ 

AD538SD 

500kiV + 1.0^ 

1000|xV + 2.5 

AD539JD(JN) 

2.5 

2typ 

AD539KD(KN) 

1.5 

1 typ 

AD539SD 

4 

Ityp 

NOTES 




Bandwidth 

Small 

Operating 

Power 

Temp. 

Volume* 

Signal 

Supply 

Range^ 

Section 

MHz, typ 

V 


Page 

0.4 

±10 to ±18 

I 

S-3-57 

0.4 

±10to±18 

I 

8-3-57 

0.4 

±10to±18 

E 

S-3-57 

30 

±4.5 to ±16.5 

C 

1-6-49 

30 

±4.5to±16.5 

C 

1-6-49 

30 

±4.5 to ± 16.5 

E 

1-6-49 


‘Suffix “D” - ceramic DIP; Suffix “N”-plastic DIP. 

= 0 to + 70^0,1 = - 25°C to + 85°C, E = - 55°C to + 125°C. 

^Error specified in offset plus % of reading. 

*I == Volume I - Integrated Circuits; II = Volume 2 - Modules & Subsystems; S == This Volume. 
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Log-Antilog Amplifiers 



MODEL 755, MODEL 759 

High Accuracy: Models 755N, 755P 
Low Cost: Models 759N, 759P 
Complete Log-Antilog Amplifiers: External 
Components not Required 
Temperature-Compensated Internal Reference 
6 Decades Current Operation: InA to 1mA 
1% max Error: InA to 1mA (755) 

20nA to 200pA (759) 

4 Decades Current Operation: ImV to 10V 
1% max Error: ImV to 10V (755) 

ImV to 2V (759) 



MODEL 757 

6 Decade Operation - InA to 1mA 
1/2% Log Conformity - lOnA to 100|jiA 
Symmetrical FET Inputs 
Voltage or Current Operation 
Temperature Compensated 
Complete Log Ratio Amplifier: External 
Components not Required 


SPECIFICATIONS - Min or Max at Ta = +25X 




Log 






Input 

Conformity 

Scale 

Bandwidth 

Temp. 

Volume* 

Model 

Range 

Error 

Factor 

-3dB 

Range^ 

Section 



%RTI 

V/Decade 

kHz 


Page 

755N 

+ (lOnA to 1mA) 

0.5 

2,1,2/3 

10 

C 

II-8-7 

755P 

- (lOnA to 1mA) 

0,5 

2,1,2/3 

10 

C 

II-8-7 

759N 

+ (20nA to 1mA) 

1.0 

2,1,2/3 

200 

c 

II-8-7 

759P 

— (20nAto 1mA) 

1.0 

2,1,2/3 

200 

c 

II-8-7 

757N 

+ (10nAto 1mA) 

0.5 

1 

25 

c 

II-8-11 

757P 

-(lOnAto 1mA) 

0.5 

1 

25 

c 

II-8-11 


NOTES 
*C = 0to+70'’C. 

*I = Volume 1 - Integrated Circuits; II = Volume 2 -Modules & Subsystems; S = This Volume. 
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Analog Signal Processing Components 

RMS-to-DC Converters 



AD536A 

True rms-to-dc Conversion 
Laser-Trimmed to High Accuracy 
0.2% max Error (AD536AK) 

0.5% max Error (AD536AJ) 

Wide Response Capability: 

Computes rms of ac and dc Signals 
300kHz Bandwidth: Vrms^lOOmV 
2MHz Bandwidth: Vrms>1V 
Signal Crest Factor of 7 for 1% Error 
dB Output with 60dB Range 
Low Power: 1mA Quiescent Current 
Single or Dual Supply Operation 
Monolithic Integrated Circuit 



AD636 

True rms-to-dc Conversion 
200mV Full Scale 
Laser-Trimmed to High Accuracy 
0.5% max Error (AD636K) 

1.0% max Error (AD636J) 

Wide Response Capability' 

Computes rms of ac and dc Signals 
1MHz -3dB Bandwidth: Vrms>100mV 
Signal Crest Factor of 6 for 0.5% Error 
dB Output with 50dB Range 
Low Power: 800pA Quiescent Current 
Single or Dual Supply Operation 
Monolithic Integrated Circuit 



AD637 

High Accuracy 

0.02% Max Nonlinearity, 0 to 2V rms Input 
0.10% Additional Error to Crest Factor of 3 
Wide Bandwidth 
8MHz at 2V rms Input 
600kHz at lOOmV rms 
Computes: 

True rms 
Square 
Mean Square 
Absolute Value 
dB Output (-GOdB Range) 

Chip Select-Power Down Feature Allows: 
Analog "3-State" Operation 
Quiescent Current Reduction from 
2.2mA to 350p.A 


SPECIFICATIONS - Min or Max at Ta = +25‘*C 



Full 


C/C 

Error vs. 






Scale 

Conversion 

Reversal 

Crest 

Frequency 

dB Output 

Temp. 

Volume* 

Model' 

Range 

Accuracy 

Error 

Factor of? 

Response^ 

Error 

Range^ 

Section 


Vmu 

%of Reading 

%ofReading 

%of Reading, typ 

MHz, typ 

dB,typ 


Page 

AD536AJDaH) 

±7 

±5mV±0.5 

*0.2 

-1.0 

2 

±0.6 

C/C 

1-643 

AD536ADK(KH) 

±7 

±2mV±0.2 

±0.1 

-1.0 

2 

±0.3 

CfC 

1-6-43 

AD536ASD(SH) 

±1 

±5mV±0.5 

±0.2 

-1.0 

2 

±0.5 

E/E 

1-6-43 

AD636JDaH) 

0.2 

±0.5mV±1.0 

±0.2 

-0.5 

1.3 

±0.5 

ac 

1-6-71 

AD636KD(KH) 

0.2 

±0.2mV±0.5 

±0.1 

-0.5 

1.3 

±0.2 

ac 

1-6-71 

AD637JD(JQ)(SD) 

±7 

±lmV±0,5 

±0.25 

-0.8 

8 

±1 

aoE 

1-6-77 

AD637KD(KQ) 

±7 

±0.5mV±0.2 

±0.1 

-0.8 

8 

. ±1 

OC 

1-6-77 


NOTES 

'Suffix‘‘H”-metal header; Suffix “D”-ceramic DIP; Suffix “Q”-cerdip. 

^Frequency response given at ± 3dB bandwidth and full scale. 

’C =■ 0 to + 70X, E = - 55X to +125*0. 

*1=Volume!-Integrated Circuits; 11 = Volume 2-Modules & Subsystems; S=This Volume. 
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MODEL 442 

DC to 8MHz Response (~3dB) 

High Accuracy: 

With No Ext. Trim: ±2mV ±0.15% of Rdg., max 
With Ext. Trim: ±1mV ±0.05% of Rdg., max 
Low Drift: ±(35pV ±0.01% of Readingi/X 
max, 442L 

Fast Settling Time: 5ms to 1% 

All Hermetically Sealed Semiconductors 
No External Components Required 
to Meet Specifications 


SPECIFICATIONS - Min or Max at Ta == +25°C 





Frequency 

Frequency 




Total Error 

Total Error 

Response 

Response 

Temp. 

Volume* 

Model 

No Ext Adjust 

T.C. 

1% Error 

— 3dB Error 

Range^ 

Section 


mV 

pV/C 

kHz 

MHz 


Page 

442J 

2 ±0.15%RDG. 

100 

800 

7 

C 

11-7-7 

442K 

2±0.I5%RDG. 

50 

800 

7 

C 

11-7-7 

442L 

2±0.15%RDG. 

35 

800 

7 

C 

11-7-7 


NOTES 
‘C=0to+70°C. 

*I = Volume 1 - Integrated Circuits; II = Volume 2 - Modules & Subsystems; S = This Volume. 
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Analog Signal Processing Components 

Special Functions 



AD630 

Recovers Signal from +100dB Noise 
2MHz Channel Bandwidth 
45V/|jis Slew Rate 
- 120dB Crosstalk @ 1kHz 

Pin Programmable Closed Loop Gains of ±1 and ±2 
0.05% Closed Loop Gain Accuracy and Match 
lOOpV Channel Offset Voltage (AD630BD) 

350kHz Full Power Bandwidth 


SPECIFICATIONS 

- Min or Max at 

Ta = +25°C 


Closed 




Loop 

Input 

Input 


Gain 

Offset 

Bias 

ModeP 

Error 

Voltage 

Current 


% 

pV 

nA 

AD630JN(AD) 

0.1 typ 

500 

300 

AD630KN(BD) 

0.05 

100 

300 

AD630SD 

0.1 typ 

500 

300 

NOTES 





Response 

Time Unity 


Switching 

(-5pVto+5 

Gain 

Slew 

Temp. 

Volume* 

Window 

mV Step) 

Bandwidth 

Rate 

Range^ 

Section 

mV 

ns 

MHz 

V/ps 


Page 

±1.5 

200 

2 

45 

C/I 

1-6-57 

±1.5 

200 

2 

45 

C/I 

1-6-57 

±1.5 

200 

2 

45 

E 

1-6-57 


‘Suffix “N”~Plastic DIP; Suffix “D”-Ceramic DIP. 

== 0 to + TO^C, I = - 25“C to + SS'C, E = ~ 55“C to + 125^C. 

*I = Volume 1 - Integrated Circuits; II = Volume 2 - Modules & Subsystems; S = This Volume. 



AD639 

Complete, Fully-Calibrated Synthesis System 
Ail Standard Functions: Sin, Cos, Tan, Cosec, 
Sec, Cot, Arcsin, Arccos, Arctan, etc. 
Accurate Law Conformance (Sine to 0.02%) 
Angular Range of ± 500^ (Sine Mode) 
Function Programmabie by Pin Strapping 
1.5MHz Bandwidth (Sine Mode) 
Muitipiication via External Amplitude Input 


SPECIFICATIONS - Min or Max at Ta = + 25°C 



Law 

Peak 


Conformance 

Error 


-90® to-1-90® 

-180*to -1-180® 

ModeP 

% 

%ofF.S. 

AD639AD 

0.02 

1.5 

AD639BD 

0.02 

0.8 

AD639SD 

0.02 

1.5 


Scale 


Slew 

Temp. 

Volume* 

Factor 

Bandwidth 

Rate 

Range^ 

Section 

o/v 

MHz 

V/ps 


Page 

50 

1.5 

30 

I 

S-3-123 

50 

1.5 

30 

I 

S-3-123 

50 

1.5 

30 

E 

S-3-123 


NOTES 

‘ Suffix “D” - Ceramic DIP. 

^I = - 25“C to + 85°C, E = - 55X to + 125X. 

*I=Volume 1 - Integrated Circuits; II = Volume 2 -Modules & Subsystems; S=This Volume. 
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Voltage References 


+ E 



AD580 

Laser-Trimmed to High Accuracy; 2.500V ±0.4% 
3-Terminal Device: Voltage In/Voltage Out 
Excellent Temperature Stability; lOppmrC 
(AD580M, U) 

Excellent Long Term Stability: ZSOpV (ZSpV/Month) 
Low Quiescent Current: 1.5mA max 
Small, Hermetic IC Package: TO-52 Can 


+ Vs 



AD581 

Laser-Trimmed to High Accuracy: 

10.000 Volts ±5mV (L and U) 
Trimmed Temperature Coefficient; 
5ppm/®C max, 0 to +70“C (L) 
lOppm/X max, -55X to +125X (U) 
Excellent Long-Term Stability: 

25ppm/1000 hrs. (Non-Cumulative) 
Negative 10 Volt Reference Capability 
Low Quiescent Current: 1.0mA max 
10mA Current Output Capability 
3-Terminal TO-5 Package 



AD584 

Four Programmable Output Voltages: 

10.000V, 7.500V, 5.000V, 2.500V 
Laser-Trimmed to High Accuracies 
No External Components Required 
Trimmed Temperature Coefficient; 

5ppm/X max, 0 to 70X (AD584LH) 

15ppm/X max, -55X to +125X (AD584TH) 
Zero Output Strobe Terminal Provided 
Two Terminal Negative Reference 
Cabability (5V 8t Above) 

Output Sources or Sinks Current 
Low Quiescent Current: 1.0mA max 
10mA Current Output Capability 


SPECIFICATIONS - Min or Max at Ta = +25X 




Output 







Output 

Voltage 

Output 

Temp. 

Time 

Temp. 

Volume* 

Model^ 

Voltage 

Tolerance 

Current 

Stability 

Stability 

Range^ 

Section 


V 

% Error 

mA 

ppmy°C, max 

typ 


Page 

AD580JH(KH)(LH)(MH) 

2.5 

3.0(1.0X0.4X0.4) 

10 

85(40)(25X10) 

25jjLV/Monih 

25()(jiVLong 

Term 

C 

1-7-5 

AD580SH(THXUH) 

2.5 

1.0(0.4X0.4) 

10 

55(25X10) 

25tJiV/Month 
250(ji,V Long 
Term 

E 

1-7-5 

AD581JH(KH)(LH) 

10.00 

±0.3(0.1X0.05) 

10 

30(15)(5) 

25ppmper 

1000 Hours 
Noncumulative 

C 

1-7-9 

AD581SH(THXUH) 

10.00 

± 0.3(0.1)(0.05) 

10 

30(15X10) 

25ppmper 

1000 Hours 
Noncumulative 

E 

1-7-9 

AD584JH(SH) 

Programmable 

±0.3 

10 

30 

25ppmper 

C/E 

1-7-17 

AD584KH(TH) 


±0.1 

10 

15 

1000 Hours 

C/E 

1-7-17 

AD584LH 


±0.5 

10 

5 

Noncumulative 


1-7-17 


NOTES 

‘ Suffix “H” - metal header. 

= 0 to + 70“C, E = - 55°C to + U5°C. 

*1 = Volume 1-Integrated Circuits; 11 = Volume 2-Modules & Subsystems; S = This Volume. 
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Voltage References 



AD588 

Ultra-Low Drift: IppmrC 
Ultra-Low Initial Error: ImV 
Pin-Programmable Output 

+ 10V, +5V, ±5V Tracking, -5V, -10V 
Flexible Output Force and Sense Terminals 
Machine-lnsertable DIP Packaging 
Guaranteed Long-Term Stability: 
25ppm/1000 hours 


AD589 

Superior Replacement for Other 1.2V References 
Wide Operating Range: SOpA to 5mA 
Low Power: 60pW Total Pq at 50pA 
Low Temperature Coefficient: 
lOppm/X max, 0 to +70X (AD589M) 
25ppm/X max, -55X to +125°C {AD589U) 
Two Terminal "Zener" Operation 
Low Output Impedance: 0.60 
No Frequency Compensation Required 



AD1403 

Improved, Lower Cost, Replacements for Standard 
1403, 1403A 

3-Terminal Device: Voltage InA^oltage Out 
Laser-Trimmed to High Accuracy: 2.500V ±10mV 
(AD1403A) 

Excellent Temperature Stability: 25ppm/X 
(AD1403A) 

Low Quiescent Current: 1.5mA max 
10mA Current Output Capability 


SPECIFICATIONS - Min or Max at Ta = +25"C 




Output 







Output 

Voltage 

Output 

Temp. 

Time 

Temp. 

Volume* 

ModeP 

Voltage 

Tolerance 

Current 

Stability 

Stability 

Range^ 

Section 


V 

% Error 

mA 

ppni/®C 

max 


Page 

AD588JN(AD)(SD) 

±10.0 

0.03 

10 

3 


C/I/E 

S-3-99 

AD588KN(BD) 

±10.0 

0.01 

10 

1 


C/I 

S-3-99 

AD588LN(CD) 

±10.0 

0.01 

10 

1 

25ppm per 

1000 Hours 

C/I 

S-3-99 

AD588TD 

±10.0 

0.03 

10 

3 

25ppm per 

1000 Hours 

E 

S-3-99 

AD589JH(KH)(LH)(MH) 

1.235 

-2.8,+1.2 

5 

100(50)(25)(10) 


C 

1-7-25 

AD589SH(TH)(UH) 

1.235 

-2.8,+ 1.2 

5 

100(50X25) 


E 

1-7-25 

AD1403N 

2.50 

1 

10 

40 


C 

1-7-29 

AD1403AN 

2.50 

0.4 

10 

25 


C 

1-7-29 


NOTES 

* Suffix “N” - plastic DIP; Suffix “D” - ceramic DIP; Suffix “H” - metal header. 

= 0 to + 70°C, I = - 25°C to + 85°C, E = - 55°C to + 125°C. 

*I = Volume 1 - Integrated Circuits; II = Volume 2 - Modules & Subsystems; S == This Volume. 
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AD2700/AD2701 

Very High Accuracy: 10.000 Volts ±2.5mV (L and U) 
Low Temperature Coefficient: 3ppm/°C 
Performance Guaranteed -55°Cto +125X 
10mA Output Current Capability 
Low Noise 

Short Circuit Protected 


FINE +FINE 

+16.0V ADJUST ADJUST 


i 



i 

i 




. 1 
:ri 

r 


_ 

-- 


1 

i 

1 

m 

■>1 

1 

1 

I 

Al 

■ 

■ 

flj 


— 

S 

5 

-d 


COMMON FINE -15.0V -FINE 

ADJUST ADJUST 


10,0000V 

OUTPUT 


-10.0000V 

OUTPUT 


AD2702 

Very High Accuracy: 10.000 Volts ±2.5mV (L and U) 
Low Temperature Coefficient: Sppm/X 
Performance Guaranteed -55°Cto +125°C 
10mA Output Current Capability 
Low Noise 

Short Circuit Protected 


SPECIFICATIONS 

- Min or Max at Ta 

= +25°C 

Output 







Output 

Voltage 

Output 

Temp. 

Time 

Temp. 

Volume* 

Model 

Voltage 

V 

Tolerance 
% Error 

Current 

mA 

Stability 

ppm/®C 

Stability 

typ 

Range^ 

Section 

Page 

AD2700J(S) 

10.00 

±0.05 

10 

10(3) 

lOOppmper 

I/E 

1-7-33 

AD2700L(U) 

10.00 

±0.025 

10 

3 

1000 Hours 

I/E 

1-7-33 

AD2701J(S) 

-10.00 

±0.05 

10 

10(3) 

lOOppmper 

I/E 

1-7-33 

AD2701L(U) 

-10.00 

±0.025 

10 

3 

1000 Hours 
@ + 55°C 

I/E 

1-7-33 

AD2702J(S) 

±10.00 

±0.05 

10 

10(5) 

lOOppm per 

I/E 

1-7-33 

AD2702L(U) 

± 10.00 

±0.025 

10 

5(3) 

1000 Hours 
@ + 55°C 

I/E 

1-7-33 


NOTES 

*I = - 25°C to + 85“G, E = - SS^C to + 125°C. 

=Volume 1 - Integrated Circuits; II = Volume 2 - Modules & Subsystems; S = This Volume. 
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Voltage References 



AD2710 

Laser-Trimmed to High Accuracy: 10.000V ±1.0mV 
Low Temperature Coefficient: Ippm/X (L Grade) 
Excellent Long Term Stability: 25ppm/1000 hours 
5mA Output Current Capability 
Low Noise (30 |jlV p-p) 

Short Circuit Protected 
No Heater Utilized 



AD2712 

Laser-Trimmed to High Accuracy: 10.000V ±1.0mV 
Low Temperature Coefficient: Ippm/X (L Grade) 
Excellent Long Term Stability: 25ppm/1000 hours 
5mA Output Current Capability 
Low Noise (30 |jiV p-p) 

Short Circuit Protected 
No Heater Utilized 


SPECIFICATIONS - Min or Max at Ta = +25X 




Output 






Output 

Voltage 

Output 

Temp. 

Temp. 

Volume'*' 

ModeP 

Voltage 

Tolerance 

Current 

Stability 

Range^ 

Section 


V 

%Enror 

mA 

ppm/X 


Page 

AD2710KN(LN) 

±10.00 

±0.01 

10 

2(1) 

C 

1-7-37 

AD2712KN(LN) 

±10.00 

±0.01 

10 

2(1) 

C 

1-7-37 


NOTES 

‘ Suffix “N” - plastic mini-DIP. 

X=0to+70X. 

*I = Volume 1 - Integrated Circuits; II = Volume 2 - Modules & Subsystems; S = This Volume. 
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Temperature Measurement Components 

Temperature Transducers 



AD590 

Linear Current Output: 1pA/K 
Wide Range: -55X to +150X 
Probe Compatible Ceramic Sensor Package 
Two-Terminal Device: Voltage In/Current Out 
Laser-Trimmed to ±0.5X Calibration Accuracy 
(AD590M) 

Excellent Linearity: ±0.3*’C Over Full Range 
(AD590M) 

Wide Power Supply Range: +4Vto +30V 
Sensor Isolation from Case 



AD592 

High Precalibrated Accuracy: 0.5°C max @ 25X 
Excellent Linearity: 0.15X max (0 to -H70X) 
Wide Operating Temperature Range: 

-25®Cto -t-lOBX 

Single Supply Operation: +4V to +30V 
Excellent Repeatability and Stability 
High Level Output: IpA/K 
Two Terminal Monolithic iC: Temperature In/ 
Current Out 

Minimal Self-Heating Errors 



AC2626 

Linear Current Output: IpA/K 
Wide Range: -SBXto +150X 
Laser Trimmed Sensor (AD590) to ± 0.5X 
Calibration Accuracy (AC2626M) 

Excellent Linearity: ±0.3^ Over Full Range 
(AC2626M) 

6 Inch or 4 Inch Standard, Stainless Steel Sheath 
3/16 Inch in Outside Diameter 
3 Feet Teflon Coated Lead Wire 
Wide Power Supply Range -I-4V to -I-30V 
Fast Response: 2 Seconds (In Stirred Water) 
Sensor Isolated from Sheath 


SPECIFICATIONS - Min or Max at Ta = +25"C 



Nominal 

Current 

Temp. 

Calibration 


Temp. 

Volume* 

Model* 

Output 

Coefficient 

Error 

Nonlinearity 

Range^ 

Section 


|iA 

|iA/K 

*C 

X 


Page 

AD590IH(IF) 

298.2 

1 

±20 

±3.0 

E 

1-8-15 

AD590JHaF) 

298.2 

1 

±10 

±1.5 

E 

1-8-15 

AD590KH(KF) 

298.2 

1 

±5.5 

±0.8 

£ 

1-8-15 

AD590LH(LF) 

298.2 

1 

±3.0 

±0.4 

E 

1-8-15 

AD590MH(MF) 

298.2 

1 

±1.7 

±0.3 

E 

1-8-15 

AD592AN 

298.2 

1 

±3.0 

±0.35 

I 

S-3-103 

AD592BN 

298.2 

1 

±1.5 

±0.25 

I 

S-3-103 

AD592CN 

298.2 

1 

±0.8 

±0.15 

I 

S-3-103 

AC2626J4(J6)^ 

298.2 

1 

±5 

±1.5 

E 

II-9-13 

AC2626K4(K6)^ 

298.2 

1 

±2.5 

±0.8 

E 

II-9-13 

AC2626L4(L6)^ 

298.2 

1 

±1.0 

±0.4 

E 

II-9-13 

AD2626M4(M6)^ 

298.2 

1 

±0.5 

±0.3 

E 

II-9-13 


NOTES 

‘ Suffix “H” -• metal header; Suffix “F” - flat package; Suffix “N” - plastic mini-DIP. 

= - 25'’C to + 105*C, E = - 55“C to + 150“C. 

^4 = 4-ioch length; 6=6>inch length. 

*I = Volume !>• Integrated Circuits; 11 = Volume 2-Modules & Subsystems; S=This Volume. 
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Temperature Measurement Components 


Temperature Transducer Signal Conditioners 


-IN -ALM +ALM V+ COMP VO FB 



AD594/AD595 

Pretrimmed for Type J (AD594) or Type K (AD595) 
Thermocouples 

Can Be Used with Type T Thermocouple Inputs 

Low Impedance Voltage Output: 10mV/‘*C 

Built-In Ice Point Compensation 

Wide Power Supply Range: +5V to ±15V 

Low Power: <1mW typical 

Thermocouple Failure Alarm 

Laser Wafer-Trimmed to IX Calibration Accuracy 

Set-Point Mode Operation 

Self-Contained Celsius Thermometer Operation 

High Impedance Differential Input 

Side-Brazed DIP or Low Cost CERDIP 


AD596/AD597 

Low Cost 

Operates with Type J (AD596) or Type K (AD597) 
Thermocouples 

Built-In Ice Point Compensation 
Temperature Proportional Operation - 10mV/X 
Temperature Set-Point Operation - ON/OFF 
Programmable Switching Hysteresis 
High Impedance Differential Input 


SPECIFICATIONS - Min or Max at Ta = +25X 



Nominal 

Transfer 

Closed 

ModeP 

Function 

Loop 


m\rc 

Gain 

AD594AD(AQ) 

10 

193.4 

AD594CD(CQ) 

10 

193.4 

AD595AD(AQ) 

10 

193.4 

AD595CD(CQ) 

10 

193.4 

AD596AH 

10 

180.6 

AD597AH 

10 

245.5 

NOTES 




Calibration 

Stability vs. 

Gain 

Volume* 

Error 

Temperature 

Error 

Section 

X 

X/*C 

% 

Page 

±3.0 

±0.05 

±1.5 

1-8-31 

±1.0 

±0.025 

±0.75 

1-8-31 

±3.0 

±0.05 

±1.5 

1-8-31 

±1.0 

±0.025 

±0.75 

1-8-31 

±4.0 

±0.05 

±1.5 

1-8-39 

±4.0 

±0.05 

±1.5 

1-8-39 


‘ Suffix “D” - ceramic DIP; Suffix “Q” - cerdip; Suffix “H” - metai header. 

*I=Volume 1 - Integrated Circuits; II = Volume 2 - Modules & Subsystems; S=This Volume. 
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4-20mA Sensor Transmitters 


-AUX 

+ AUX 

ISOmV 

75mV 

lOOfl 

COM 

lo 

BOOST 

V,N 



AD693 

Loop-Powered Operation 
Precalibrated 30mV or 60mV Input Spans 
Precalibrated 100 11 RTD interface 
Independently Adjustable Output Span and Zero 
Precalibrated Output Spans: 4-20mA Unipolar 
0-20mA Unipolar 
12 ±8mA Bipolar 

6.2V Reference with 3.5mA Current Available 
Uncommitted Auxiliary Amp for Extra Flexibility 
Optional External Pass Transistor to Reduce 
Self-Heating Errors 


SPECIFICATIONS - Min or Max at Ta = +25°C 




4mA 

Gain Accuracy 


Bias 



Temp. 

Volume* 

Model^ 

+ VsRaiige 

Offset 

30mV +60mVFS 

Nonlinearity 

Current 

CMRR 

PSRR 

Range^ 

Section 


V 

pA 

% 

% 

nA 

dB 

dB 


Page 

AD693AD(AQ) 

+ 12 to +34 

80 

0.5 

0.02 

20 

95 

100 

I/I 

S-3-161 

AD693BD(BQ) 

+ 12 to+34 

40 

0.25 

0.02 

10 

95 

100 

I/I 

S-3-161 


NOTES 

^Suffix “D”-ceramic DIP; Suffix “Q”-Cerdip. 

^1=-40‘’Cto+85°C. 

*1 = Volume 1-Integrated Circuits; 11 = Volume 2-Modules & Subsystems; S = This Volume. 
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Temperature Measurement Components 

Voltage-to-Current Converters 


+ 10V TO +32V 



2B20 

Complete, No External Components Needed 
Small Size: 1.1" x 1.1" x 0.4" Module 
Input: 0 to + 10V; Output 4 to 20mA 
Low Drift: 0.005%/X max: Nonlinearity: 0.005% max 
(2B20B) 

Wide Temperature Range: -25^ to +85*C 
Single Supply: + 10V to +32V 
Meets ISA Std. 50.1 for Type 3, Class L and U, 
Nonisolated Current Loop Transmitters 


+ 14V TO +32V 



2B22 

Wide Input Range: 0 to + IV to 0 to + 10V 
Standard Output Range: 4 to 20mA 
High CMV Input/Output Isolation: 1500V dc 
Continuous 

Low Nonlinearity: 0.05% max, 2B22L 
Low Span Drift: 0.005%/^ max, 2B22L 
Single Supply: +14V to +32V 
Meets IEEE Std. 472: Transient Protection (SWC) 
Meets ISA Std. 50.1: Isolated Current Loop 
Transmitters 



2B23 

Wide Input Range, Resistor Programmable 
Pin Programmable Output: 4 to 20mA or 0 to 20mA 
High CMV Input/Output Isolation: ± 1500V pk 
Continuous 

Low Nonlinearity: ± 0.05% max (2B23K) 

Low Span Drift: ±0.005%/X max (2B23K) 

Single Supply Operation: + 14V to +28V 
Small Size: 1.8" x 2.4" x 0.6" 

Meets IEEE Std. 472: Transient Protection (SWC) 
Meets ISA ST. 50.1: Isolated Current Loop 
Transmitters 


SPECIFICATIONS - Min or Max at Ta = +25°C 



Input 

Output 

Gain 

CMV 

Temp. 

Volume'^ 

Model 

Range 

V 

Range 

mA 

Nonlinearity 

% 

In/Out 

Vpk 

Range^ 

Section 

Page 

2B20A 

0 to +10 

4to20 

0.025 

N/A 

I 

II-9-15 

2B20B 

0 to +10 

4to20 

0.005 

N/A 

I 

II-9-15 

2B22J 

Oto +10 
Oto +1 

4to20 

0.2 

1500 

C 

II-9-19 

2B22K 

0 to +10 
Oto + 1 

4to20 

0.1 

1500 

C 

II-9-19 

2B22L 

0 to +10 
Oto +1 

4to20 

0.05 

1500 

c 

II-9-19 

2B23J 

Oto + 10 

4to20 
Oto 20 

0.1 

1500 

c 

II-9-23 

2B23K 

0 to +10 

4 to 20 
Oto 20 

0.05 

1500 

c 

II-9-23 


NOTES 

‘C = 0 to + yox, I = - 25°C to + 85X. 

*I = Volume 1 - Integrated Circuits; II=Volume 2 - Modules & Subsystems; S == This Volume. 
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strain Gage/RTD Conditioners 


±15V 



2B30 

Complete Signal Conditioning Function 
Low Drift: O.SpV/X max ("L"); Low Noise: 

IpV p-p max 

Wide Gain Range: 1 to 2000V/V 
Low Nonlinearity: 0.0025% max V'L") 

High CMR: 140dB min (60Hz, G = 1000VA/) 

Input Protected to 130V rms 
Adjustable Low Pass Filter: 60dB/Decade Roll-Off 
(from 2Hz) 


±15V 



2B31 

Complete Signal Conditioning Function 
Low Drift: 0.5p,V/°C max ("L"); Low Noise: 

IpV p-p max 

Wide Gain Range: 1 to 2000V/V 
Low Nonlinearity: 0.0025% max ("L") 

High CMR: 140dB min (60Hz, G = 1000VA/) 

Input Protected to 130V rms 
Adjustable Low Pass Filter: 60dB/Decade Roll-Off 
(from 2Hz) 

Programmable Transducer Excitation: Voltage (4V 
to 15V @ 100mA) or Current (lOOpA to 10mA) 



2B34 

Low Input Offset Drift: ±1.0pV/X 
Low Gain Drift: ±25ppm/”C 
Low Nonlinearity: ±0.01% max (±0.005% typ) 
Differential Input Protection: ±130V rms 
Channel Multiplexing: 3000 chan/sec 
Scanning Speed 
Solid State Reliability 

Internal RTD Excitation/Lead Wire Compensation 


SPECIFICATIONS - Min or Max at Ta = +25°C 



Gain 

Gain 

Input 

Bandwidth 

Temp. 

Volume* 

Model 

Range 

Nonlinearity 

T.C. 

-3dB 

Range^ 

Section 


VA^ 

% 

pV/C 

kHz typ 


Page 

2B30J 

1 to 2000 

0.01 

3 

30 

C 

II-9-29 

2B30K 

lto2000 

0.005 

1 

30 

C 

II-9-29 

2B30L 

1 to 2000 

0.0025 

0.5 

30 

C 

II-9-29 

2B31J 

lto2000 

0.01 

3 

30 

C 

II-9-29 

2B3IK 

I to 2000 

0.005 

1 

30 

C 

II-9-29 

2B31L 

1 to 2000 

0.0025 

0.5 

30 

C 

II-9-29 

2B34J 

50 to 1000 

0.01 

1 

0.004 

C 

II-9-35 


NOTES 

‘C = 0to +70°C. 

*I = Volume 1 - Integrated Circuits; II=Volume 2 - Modules & Subsystems; S=This Volume. 
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Temperature Measurement Components 


Isolated Transducer Signal Conditioners 



2B50 

Accepts J, K, T, E, R, S or B Thermocouple Types 
Internally Provided Cold Junction Compensation 
High CMV Isolation: ± 1500V pk 
High CMR: 160dB min @ 60Hz 
Low Drift: ±1|jiV/**C max (2B50B) 

High Linearity: ±0.01% max (2B50B) 

Input Protection and Filtering 
Screw Terminal input Connections 


±15V 



2B54 

Low Cost 

Wide Input Span Range: ±5mV to ±100mV 
12-Bit Systems Compatible 

High CMV isolation: ± 1000V dc; CMR = 156dB min 
@ 60Hz 

Low input Offset Voltage Drift: ±1tJiVrC max 
{2B54B) 

Low Gain Drift: ±25ppm/X max (2B54B) 

Low Nonlinearity: ±0.02% max (±0.012% typ) 
Normal Mode Input Protection {130V rms) and 
Filtering 

Channel Multiplexing: 400 chan/sec Scanning Speed 
Solid State Reliability 

2B56 

Universal Thermocouple Compensation 
Internally Provided: Types J, K, T 
User Configurable: Types E, R, S, B 
Digitally Programmable 

High Accuracy: ±0.8®C max over +5®C to +45®C 
High Ambient Rejection: 50 to 1 min 
Low Cost 

Small Size: 1.5"xr xO.4" 


±15V 



2B55 

Low Cost 

Wide Input Span Range: ±50mV to ±5V 
12-Bit Systems Compatible 

High CMV Isolation: ± 1000V dc; CMR = 145dB min 
@ 60Hz 

Low Input Offset Voltage Drift: ±5|jiV/‘'C max 
Low Gain Drift: ±25ppm/‘’C max 
Low Nonlinearity: ±0.02% max (G = 1 to 100) 
Normal Mode Input Protection (130V rms) and 
Filtering 

Channel Multiplexing: 400 chan/sec Scanning Speed 
Solid State Reliability 


SPECIFICATIONS - Min 

or Max at Ta = 

+ 25"C 




Gain 

Gain 

Input 


CMV 

Temp. 

Volume* 

Model 

Range 

Nonlinearity 

T.C.* 

CMR 

In/Out 

Range^ 

Section 


vrv 

% 

pV/C 

dB 

Vpk 


Page 

2BS0A 

50 to 1000 

0.025 

2.5 

160 

1500 

C 

II-9-41 

2BS0B 

SO to 1000 

0.01 

1 

160 

1500 

C 

II-9-41 

2B54A 

50 to 1000 

0.03 

2.5 

156 

1000 

C 

II-9-47 

2B54B 

50 to 1000 

0.02 

1 

156 

1000 

C 

II-9-47 

2B55A 

1 to 100 

0.02 

5 

145 

1000 

C 

II-9-47 

2B56A 

1 

0.2^^ 

15 

N/A 

N/A 

C 

II-9-53 


NOTES 

* At tnaYimiitn gain . 

^C=0to+70‘>C. 

*Total output error. 

*1 = Volume 1-Integrated Circuits; 11 = Volume 2-Modules & Subsystems; S = This Volume. 
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Two-Wire Transmitters 



2B24 

Self-Powered 

Wide Input Range; 1-50mA (2B24B) 

High CMV Isolation: ± 1500V pk; CMR; 120dB 
High Accuracy: ±0.1% 

RFI/EMI Immunity 
Low Cost 



2B52 

Accepts Type J, K or T Thermocouple Inputs 
Compatible with Standard 4-20mA Loops 
High Accuracy: ±0.1% 

High CMV isolation; 600V rms; CMR = 160dB 
High Noise Rejection and RFI Immunity 
Internal Cold Junction Compensation 
Open Thermocouple Detection 
Millivolt Signal Transmission 
Low Cost 
FM Approved 



2B53 

Accepts Type J, K or T Thermocouple Inputs 
Compatible with Standard 4-20mA Loops 
High Accuracy: ±0.1% 

High Noise Rejection and RFI Immunity 
Internal Cold Junction Compensation 
Open Thermocouple Detection 
Millivolt Signal Transmission 
Low Cost 


SPECIFICATIONS - Min or Max at Ta = +25°C 



Input 

Output 

Output 

CMV 

Temp. 

Volume* 

Model 

mV or 

Signal 

Error 

In/Out 

Range^ 

Section 


Sensor 

mA 

% 

Vpk 


Page 

2B24A 

4 to 20 

4 to 20 

0.1 

1500 

I 

II-9-27 

2B24B 

4 to 20 

4 to 20 

0.1 

1500 

I 

II-9-27 


10 to 50 

10 to 50 





2B52A 

J/K/T 

4 to 20 

0.1 

800 

I 

II-9-45 

2B53A 

J/K/T 

4 to 20 

0.1 

N/A 

I 

II-9-45 


NOTES 

'l=-25°Cto+85°C. 

*I = Volume 1 - Integrated Circuits; II = Volume 2- Modules & Subsystems; S = This Volume. 
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Temperature Measurement Components 

Two-Wire Transmitters 



2B57 -1 

Compatible with Standard 4-20mA Loops 
Low Span Drift: ±0.005%/*’C max 
Low Nonlinearity: ±0.05% max 
RFI Immunity 

Small Size: 1.5" x 1.5" x 0.4" 

Low Cost Module Available 
Model 2B57A 




2B58A 

Platinum RTD Input 
Linearized 4-20mA Output 
High Accuracy: ±0.1% 
Low Drift: ±0.01‘*C/*’C max 
RFI Immunity 
Low Cost 
FM Approved 


2B59A 

Low Cost 

Standard RTD Input 
Linearized 4-20mA Output 
High Accuracy: ±0.1% 
Small Size 
Ease of Installation 


SPECIFICATIONS 

- lyiin or Max at Ta 

= +25°C 

Sensor 

Output 

Output 

Response 

Temp. 

Volume* 

Model 

Package 

Type 

Range 

mA 

Error 

% 

Time 

ms 

Range^ 

Section 

Page 

2857-1 

Aluminum Case 

AD590 

4to20 

0.05 

150 

I 

II-9-57 

2B57A 

Module 

AD590 

4to20 

0.05 

150 

I 

II-9-57 

2B58A 

Aluminum Case 

RTD 

4 to 20 

0.1 

400 

I 

II-9-61 

2B59A 

Module 

RTD 

4 to 20 

0.1 

125 

I 

II-9-63 


NOTES 

*I=-25‘’Cto+85°C. 

=Volume 1 - Integrated Circuits; II = Volume 2 - Modules & Subsystems; S = This Volume. 
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3B Series Signal Conditioning I/O Subsystems 



Input Module Selection 



Voltage 

Current 

Nonisolated 

Isolated 

Volume^ 

Section 

Input Type/Span 

Output 

Output 

Modules 

Modules 

Page 

dc, ± lOmV, ±50mV, ± lOOmV 

±10V 

4-20mA/0-20mA 

3B10 

3B30 

II-9-65 

dc, ±1V, ±5V 

1+ 

< 

4-20mA/0-20mA 

3B10 

3B31 

II-9-65 

dc, ± lOV 

±10V 

4-20mA/0-20mA 

3B11 

3B31 

II-9-65 

dc, 4-20mA, 0-20mA 

Oto+lOV 

4-20mA/0-20mA 

3B12 

3B32 

II-9-65 

Thermocouple Types 
J,K,T,E,R,S,B 

Oto + lOV 

4-20mA/0-20mA 


3B37 

II-9-65 

Thermocouple Types 

J, K, T, E, R, S, B (linearized) 

Oto + lOV 

Not Available 


3B47 

II-9-65 

AD590/AD592/AC2626 Solid State 
Temperature Transducer 

Oto + lOV 

4-20mA/0-20mA 

3B13 


II-9-65 

lOOn Platinum RTD, 

2-,3-,4-Wire 
a = 0.00385 (linearized) 

Oto+lOV 

4-20mA/0-20mA 

3B14 

3B34 

II-9-65 

lOOn Platinum RTD, 

Kelvin 4-Wire 
a = 0.00385 (linearized) 

Oto + lOV 

4-20mA/0-20mA 

3B15 


II-9-65 

Strain Gage ± 30mV, 

± lOOmV 

±10V 

4-20mA/0-20mA 

3B16 


II-9-65 

Wideband Strain Gage ' 

±10V 

4-20mA/0-20mA 

3B18 


II-9-65 

LVDT,4,5,6-Wire 

±10V 

4-20mA/0-20mA 

3B17 


S-4-47 

Wideband mV, V 

> 

o 

+1 

4-20mA/0-20mA 


3B40/1 

II-9-65 

AC Input 

Oto+lOV 

4-20mA/0-20mA 


3B42/3/4 

II-9-65 

Frequency Input 

Oto+lOV 

4-20mA/0-20mA 


3B45/6 

II-9-65 


Output Module Selection 

Nonisolated 

Input Type/Span Current Output Modules 

Oto + lOV, ±10V 4-20mA/0-20mA 3B19 

NOTE 

*I - Volume 1 - Integrated Circuits; II = Volume 2 - Modules & Subsystems; S = This Volume. 


Volume^ 

Section 

Isolated Modules Page 

3B39 II-9-67 
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Temperature Measurement Components 

3B Series I/O Subsystems 



Input Modules 

Wide Variety of Sensor inputs: Thermocoupies, 
RTD's, Strain Gages, AD590/AD592/AC2626, LVDT 
Duai High Level Outputs 
Voltage: 0 to +10V or ±10V 
Current: 4-20mA/0-20mA 
Mix and Match Input Capability 
Sensor Signals, mV, V, 4-20mA, 0-20mA 
High Accuracy: ±0.1% 

High Noise Rejection and RFL/EMI Immunity 
Reliable Transformer Isolation: ± 1500V CMV 
Meets lEEE-STD 472: Transient Protection (SWC) 
Input Protection: 130V or 220V rms Continuous 


LOOP 

+ 24V COM +15V -15V 



Output Modules 

High Level Voltage Input: (0 to -MOV, ±10V) 
Process Current Output: (4-20mA/0-20mA) 

High Accuracy: ±0.1% 

Reliable Transformer Isolation: ± 1500V CMV, 
CMR=90dB 

Meets lEEE-STD 472: Transient Protection (SWC) 
Output Protection: 130V or 220V rms Continuous 


4B Series Alarm Limit Subsystem 


OVERRIDE REAOBACK 
LO HI LO HI 



Features/Benefits 

Low Cost, Completely Integrated 12-Channel 
Modular Alarm Limit Subsystem 
Selection of Alarm Limit Modules 
Rugged Industrial chassis. Rack or 
Surface Mounted 

On-Board Power Supplies Available 
Alarm Modules Accept High Level Voltage 
and Process Current Inputs 
Complete Alarm Function per Module 
High Accuracy of ±0.1% 

Two Set Points, Adjustable Over 100% Span 
Dead Band Adjustment per Set Point, Adjustable 
Over 0.5% - 10.0% Span 
Alarm Types are Configurable for HI or 
LO Operation 
Two Relay Outputs 

Display Indicates Set Points and Process Variable 
LED per Set Point Provides Local Alarm Indication 
Input Protection 
High RFI/EMI Immunity 
Specifications Valid Over the 0 to + 70X 
Temperature Range 
Easy to Install Calibrate and Service 



1 
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Digital-to-Analog Converters 

General Purpose S-Bit 


+ Vs Vlc 



-Vs COMP B1 B8 


MSB LSB 


AD DAC-08 

Exact Replacement for Industry Standard DAC-08 
Fast (85ns typical) Settling Time 
Linearity Error ±1/4LSB (±0.1%) Guaranteed Over 
Full Temperature Range 

Wide Output Voltage Compliance: - 10V to -H18V 
Single Chip Monolithic Construction 
16-Pin Cerdip Packaging 


Vdd 



GND MSB LSB 


AD7523 

8 Bits of Resolution 

Fast Settling: 100ns 

Low Power: CMOS 

Low Feedthrough: 1/2LSB @ 200kHz 

Full Four-Quadrant Multiplying 


SPECIFICATIONS - Min or Max at Ta = +25"C 




Relative 

Differential 


Settling 

V\ 

Input 

Temp. 

Volume* 

Model^ 

Resolution 

Accuracy 

Nonlinearity 

Gain T.C. 

Time 

Out 

Logic 

Range^ 

Section 


Bits 

% 


ppm/®C 

ns 




Page 

ADDAC-08D 

8 

±0.19 

Monotonicity 

50 

135 

I 

TTL& 

E 

1-9-265 

ADDAC-08AD 

8 

±0.1 

Guaranteed 

50 

135 

I 

CMOS 

E 

1-9-265 

ADDAC-08CD 

8 

±0.39 


80 

135 

I 


C 

1-9-265 

ADDAC-08ED 

8 

±0.19 


50 

135 

I 


C 

1-9-265 

ADDAC-08HD 

8 

±0.1 


50 

135 

I 


C 

1-9-265 

AD7523JN 

8 

±0.2 

Monotonicity 

66/50/30 

150typ 

I 

CMOS 

C 

1-9-167 

AD7523KN 

8 

±0.1 

Guaranteed 

66/50 

150 typ 

I 


C 

1-9-167 

AD7523LN 

8 

±0.05 


66/50 

150typ 

I 


C 

1-9-167 


NOTES 

^Suffix “N”-plastic DIP; Suffix “D”-cerdip. 

= 0 to + 70°C; E = - 55°C to + 125°C. 

*I = Volume 1 - Integrated Circuits; II = Volume 2 - Modules & Subsystems; S = This Volume. 
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Digital-to-Analog Converters 

General Purpose lO-BH 


BIPOLAR 

OFFSET +Vs 



SPAN 


DAC 

OUT 


AD561 

Complete Current Output Converter 
High Stability Buried Zener Reference 
Laser Trimmed to High Accuracy (1/4 LSB Max Error, 
AD561K, T) 

Trimmed Output Application Resistors for 0 to +10, 
±5 Volt Ranges 
Fast Settling - 250ns to 1/2LSB 
Guaranteed Monotonicity Over Full Operating 
Temperature Range 

TTL and CMOS Compatible (Positive True Logic) 
Single Chip Monolithic Construction 
Hermetically-Sealed Ceramic and Plastic DiPs 


Vdd 



AD7533 

Lowest Cost 10-Bit DAC 

Low Cost AD7520 Replacement 

Linearity: 1/2,1 or 2LSB 

Low Power: CMOS 

Full Four-Quadrant Multiplying DAC 

CMOS/TTL Direct Interface 

Latch-Free (Protection Schottky Not Required) 

End-Point Linearity 


SPECIFICATIONS -Min or Max at Ta = +25°C 




Relative 

Differential 


Settling 

irv 

Input 

Temp. 

Volume* 

ModeP 

Resolution 

Accuracy 

Nonlinearity^ GainT.C. 

Time 

Out 

Logic 

Range^ 

Section 


Bits 

% 


ppm/°C 

ns 




Page 

AD561JNaD) 

10 

±0.05 

±1/2LSB 

±80 

250 

I 

TTL& 

C 

1-9-43 

AD561KN(KD) 

10 

±0.025 

±1/2LSB 

±30 

250 

I 

CMOS 

C 

1-9-43 

AD561SD 

10 

±0.05 

±1/2LSB 

±60 

250 

I 


E 

1-9-43 

AD561TD 

10 

±0.025 

± 1/2LSB 

±30 

250 

I 


E 

1-9-43 

AD7533JN(AD)(SD) 

10 

±0.2 

±0.4% 

22/16/10 

600 

I 

CMOS& 

C/I/E 

1-9-195 

AD7533KN(BD)(TD) 

10 

±0.1 

±0.2% 

22/16/10 

600 

I 

TTL 

C/I/E 

1-9-195 

AD7533LN(CD)(UD) 

10 

±0.05 

±0.1% 

22/16/10 

600 

I 


C/I/E 

1-9-195 


NOTES 

* Suffix “N” - plastic DIP; Suffix “D” - ceramic DIP. 

^GMOT- Guaranteed Monotonic Over Temperature. 

= 0 to + 70“C, I = - 25°C to + 85“C, E = - 55“C to + US^C. 

*I = Volume 1 - Integrated Circuits; II = Volume 2 - Modules & Subsystems; S=This Volume. 
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General Purpose 12-Bit 



-Vee power MSB-LSB 

GND 


BIPOLAR OFF 



REF OUT Vcc gain ADJ BIPOLAR OFF 



AD565A 

Single Chip Construction 

Very High Speed: Settles to 1/2LSB in 250ns max 
Full Scale Switching Time: 30ns 
High Stability Buried Zener Reference On Chip 
Monotonicity Guaranteed Over Temperature 
Linearity Guaranteed Over Temperature: 1/2LSB 
max (AD565AK, S) 

Guaranteed for Operation with ±12V Supplies 
Low Power: 225mW Including Reference 
Pin-Out Compatible with AD563, AD565 


AD566A 

Single Chip Construction 

Very High Speed: Settles to 1/2LSB in 350ns max 
Full Scale Switching Time: 30ns 
Guaranteed for Operation with -12V Supply 
Monotonicity Guaranteed Over Temperature 
Linearity Guaranteed Over Temperature: 

1/2LSB max (AD566AK, S) 

Low Power: 180mW 

Pin-Out Compatible with AD562, AD566 

AD DAC80 SERIES 

Single Chip Construction 
On-Board Output Amplifier 
Low Power Dissipation: 300mW 
Monotonicity Guaranteed Over Temperature 
Guaranteed for Operation with ±12V Supplies 
Improved Replacement for Standard DAC80 
High Stability, High Current Output Buried Zener 
Reference 

Laser Trimmed to High Accuracy: ±1/2LSB max 
Nonlinearity 

Low Cost Plastic Packaging 
Current Out Models and Voltage Output Models 
Available 


SPECIFICATIONS 

- Min or Max at Ta = 

+ 25°C 









Relative 

Differential 


Settling 

I/V 

Input 

Temp. 

Volume* 

ModeP 

Resolution 

Accuracy 

Nonlinearity 

GainT.C. 

Time 

Out 

Logic 

Range^ 

Section 


Bits 

LSB 

LSB 

ppm/“C 





Page 

AD565AJD(SD) 

12 

±1/2 

±3/4 

50/30 

250ns 

I 

TTL 

C/E 

1-9-57 

AD565AKD 

12 

±1/4 

±1/2 

20/15 

250ns 

I 

TTL 

C 

1-9-57 

AD566AJD(SD) 

12 

±1/2 

±3/4 

10 

350ns 

I 

TTL 

QE 

1-9-65 

AD566AKD 

12 

±1/4 

±1/2 

3 

350ns 

I 

TTL 

C 

1-9-65 

ADDAC80N-CBI-V^ 

12 

±1/2 

±3/4 

30 

3(is 

V 

TTL 

C 

1-9-277 

ADDAC80D-CBI-V^ 

12 

±1/2 

±3/4 

30 

3|xs 

V 

TTL 

C 

1-9-277 

ADDAC80D-CBI-P 

12 

±1/2 

±3/4 

30 

300ns 

I 

TTL 

C 

1-9-277 

ADDAC85D-CBI-V^ 

12 

±1/2 

±3/4 

20 

3p,s 

V 

TTL 

I 

1-9-277 

ADDAC87D-CBI-V3 

12 

±3/4 

±3/4 

20 

3|xs 

V 

TTL 

E 

1-9-277 

ADDAC80Z-CBI-V'‘ 

12 

±1/2 

±3/4 

30 

3|xs 

V 

TTL 

C 

1-9-277 

ADDAC80Z-CBI-P 

12 

±1/2 

±3/4 

30 

300ns 

I 

TTL 

C 

1-9-277 

ADDAC85-CBI-V 

12 

±1/2 

±l/2typ 

20 

3p.s 

V 

TTL 

I 

1-9-277 

ADDAC85-CBI-I 

12 

±1/2 

± 1/2 typ 

20 

300ns 

I 

TTL 

I 

1-9-277 

ADDAC87-CBI-V 

12 

±1/2 

± 1/2 typ 

20 

3p,s 

V 

TTL 

E 

1-9-277 

ADDAC87-CBI-I 

12 

±1/2 

± 1/2 typ 

20 

300ns 

I 

TTL 

E 

1-9-277 


NOTES 

‘ Suffix “N”-plastic DIP; Suffix “D”-ceramic DIP. 

= 0 to + 70“C; I = - 25°C to + 85°C; E = - 55°C to + 125°C. 

^Monolithic Technology. 

^“Z” Models specified for operation on ± 12V supplies. 

*I = Volume 1 - Integrated Circuits; II = Volume 2 - Modules & Subsystems; S = This Volume. 


SELECTION GUIDES 2-43 









Digital-to-Analog Converters 

General Purpose 12-Bit 


Vdd 



AD7525 

Resolution: 3 1/2 Digit BCD (1999 Counts) 
Nonlinearity: ±1/2LSB Tmin to Tmax 
G ain Error: ±0.05% FS 
Excellent Repeatability Accuracy 
Low Power: CMOS 


Vdd 



AD7541A 

12 Bits of Resolution 
improved Version of AD7541 
Full Four Quadrant Multiplication 
12-Bit Linearity (End-Point) 
±1LSB Gain Error 
All Parts Guaranteed Monotonic 
TTL/CMOS Compatible 
Protection Schottky not Required 
Low Logic Input Leakage 
Low Power: CMOS 


SPECIFICATIONS - Min or Max at Ta = +25°C 




Relative 

Differential 

Settling 

irv 

Input 

Temp. 

Volume’^ 

ModeP 

Resolution 

Accuracy 

Nonlinearity 

GainT.C. Time 

Out 

Logic 

Range^ 

Section 



LSB 

LSB 

ppm/®C 




Page 

AD7525KN(BD)(TD) 

3 1/2 Digits 

±1 

±1 

25 l^ts 

I 

CMOS& 

C/I/E 

1-9-177 

AD7525LN(CD)(UD) 

3 1/2 Digits 

±1/2 

±1/2 

25 lp,s 

I 

TTL 

C/I/E 

1-9-177 

AD7541AJN(AQ)(SD) 

12 Bits 

±1 

±1 

5 600ns typ 

I 

CMOS& 

C/I/E 

1-9-209 

AD7541AKN(BQ)(TD) 

12 Bits 

±1/2 

±1/2 

5 600ns typ 

I 

TTL 

C/I/E 

1-9-209 


NOTES 

* Suffix “N” - plastic DIP; Suffix “D” - ceramic DIP; Suffix “Q” -cerdip. 

2C = 0 to + 70°C, I = - 25°C to + 85°C, E = - 55°C to + 125°C. 

’•^I = Volume 1 - Integrated Circuits; II = Volume 2 - Modules & Subsystems; S = This Volume. 
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8-Bit |xP-Compatible 


Vcc 



V„EF Voo 



Vss AGND DGND 


Vdd 



AD558 

Complete 8-Bit DAC 

Voltage Output - 2 Calibrated Ranges 

Internal Precision Band-Gap Reference 

Single-Supply Operation: +5Vto +15V 

Full Microprocessor Interface 

Fast: Ifjis Voltage Settling to ±1/2LSB 

Low Power: 75mW 

IMo User Trims 

Guaranteed Monotonic Over Temperature 
Ail Errors Specified T^in to T^ax 
Small 16-Pin DIP Package or PLCC 
Single Laser-Wafer-Trimmed Chip for Hybrids 


AD7224 

8-Bit DAC with Output Amplifier 
Full Double Buffering 
Microprocessor Compatible 
Single Supply Operation 
Multiplying Capability 
No User Trims 
Low Power: CMOS 
0.3" Wide 18-Pin DIP 


AD7524 

Microprocessor Compatible (6800, 8085, Z80, Etc.) 

TTL/CMOS Compatible Inputs 

On-Chip Data Latches 

End Point Linearity 

Low Power: CMOS 

Monotonicity Guaranteed (Full Temperature Range) 
Latch-Free (No Protection Schottky Required) 

4 Quadrant Multiplying 


SPECIFICATIONS - Min or Max at Ta = +25X 



Relative 

Differential 

ModeP 

Accuracy 

Nonlinearity 

AD558JN(JD)(SD) 

± 1/2LSB 

Monotonicity 

AD558KN(KD)(TD) 

± 1/4LSB 

Guaranteed 

AD7224KN(BQ)(TQ) 

±1LSB 

Monotonicity 

Guaranteed 

AD7224LN(CQ)(UQ) 

± 1/2LSB 

Monotonicity 

Guaranteed 

AD7524JN(AD)(SD) 

±0.2% 

Monotonicity 

AD7524KN(BD)(TD) 

±0.1% 

Guaranteed 

AD7524LN(CD)(UD) 

±0.05% 




Settling 

irv 

Input 

Temp’. 

Volume* 

Gain T .C. 
ppmy®C 

Time 

max 

Out 

Logic 

Range^ 

Section 

Page 

±2LSB 

3|xs 

V 

TTL& 

C/E 

1-9-35 

±2LSB 

3|Jts 

V 

CMOS 

C/E 

1-9-35 

20 

7ps 

V 

TTL& 

CMOS 

aim 

S-3-175 

20 

7|xs 

V 

TTL& 

CMOS 

aim 

S-3-175 

10 

100ns 

I 

TTL& 

aim 

1-9-171 

10 

100ns 

I 

CMOS 

C/I/E 

1-9-171 

10 

100ns 

I 


C/I/E 

1-9-171 


NOTES 

* Suffix “N” - plastic DIP; Suffix “D” - ceramic DIP; Suffix “Q” - cerdip. 

=0 to + 70°C, I = - 25°C to + 85°C, E = - 55°C to + 125°C. 

*I = Volume 1 - Integrated Circuits; II = Volume 2 - Modules & Subsystems; S = This Volume. 
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Digital-to-Analog Converters 

8-Bit |xP-Compatible 




AD7225 

Four 8-Bit DACs with Output Ampiifiers 
Separate Reference input for Each DAC 
pP Compatibie with Doubie-Buffered inputs 
Simultaneous Update of All Four Outputs 
Operates with Single or Dual Supplies 
No User Trims Required 
0.3" Wide, 24-Pin DIP 


AD7226 

Four 8-Bit DACs with Output Ampiifiers 
0.3" Wide, 20-Pin DIP 
Microprocessor Compatible 
TTL/CMOS Compatibie 
No User Trims 

Single Supply Operation Possible 
Monolithic CMOS Construction 



SPECIFICATIONS - Min or Max at Ta = +25‘’C 


AD7528 

Dual D/A Converter 
On-Chip Latches for Both DACs 
■f 5V to +15V Operation 
DACs Matched to 1% 

Four Quadrant Multiplication 
TTL/CMOS Compatible 

Latch-Free (Protection Schottkys Not Required) 
Low Power: CMOS 



Relative 

Differential 


Settling 

irv 

Input 

Temp. 

Volume* 

ModeP 

Accuracy 

LSB 

Nonlinearity 

GainT.C. 

ppm/®C 

Time 

Out 

Logic 

Range^ 

Section 

Page 

AD7225KN(BQ)(TQ) 

±1 

Monotonicity 

Guaranteed 

5 

5 

V 

TTL& 

CMOS 

C/I/E 

S-3-183 

AD7225LN(CQ)(UQ) 

±1/2 

Monotonicity 

Guaranteed 

5 

5 

V 

TTL& 

CMOS 

C/I/E 

S-3-183 

AD7226KN(BQ)(TQ) 

±1 

Monotonicity 

Guraranteed 

20 

7|jis 

V 

TTL& 

CMOS 

C/I/E 

1-9-133 

AD7528JN(AQ)(SD) 

±1 

Monotonicity 

Guaranteed 

35 

200ns 

c 

TTL& 

CMOS 

C/I/E 

1-9-183 

AD7528KN(BQ)(TD) 

±1/2 

Monotonicity 

Guaranteed 

35 

200ns 

c 

TTL& 

CMOS 

C/I/E 

1-9-183 

AD7528LN(CQ)(UD) 

±1/2 . 

Monotonicity 

35 

200ns 

c 

TTL& 

CMOS 

C/I/E 

1-9-183 


NOTES 

* Suffix “N” - plastic DIP; Suffix “D” - ceramic DIP; Suffix “Q” - cerdip. 

= 0 to + 70°C, I = - 25°C to -h 85°C, E = - 55°C to + 125°C. 

*I=Volume 1 - Integrated Circuits; II = Volume 2 - Modules & Subsystems; S == This Volume. 
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12-Bit fjiP-Compatible 



AD567 

Single Chip Construction 

Double-Buffered Latch for 8-Bit pP Compatibility 
Fast Settling Time: 500ns max to ±1/2LSB 
High Stability Buried Zener Reference on Chip 
Monotonicity Guaranteed Over Temperature 
Linearity Guaranteed Over Temperature: 1/2LSB 
max (AD567K) 

Guaranteed for Operation with ± 12V or ±15V 
Supplies 

Low Power: 300mW Including Reference 
TTL/5V CMOS Compatible Logic Inputs 



AD667 

Voltage Output 
Single Chip Construction 

Double-Buffered Latch for 8-Bit pP-Compatibiiity 
Fast Settling Time: 3ps max to ±1/2LSB 
High Stability Buried Zener Reference On Chip 
Monotonicity Guaranteed Over Temperature 
Linearity Guaranteed Over Temperature: 1/2LSB 
max (AD667K) 

Guaranteed for Operation with ±12V or ±15V 
Supplies 

Low Power: 300mW Including Reference 
Plastic, Ceramic DIP and LCC Available 


AD7245 

Complete 12-Bit DAC on a Chip 
On-Chip Reference 
Buffered Output Voltage 
Fast Digital Interface 
Low Power CMOS: 60mW 
Single or Dual Supply Operation 
Unipolar or Bipolar Output 
Small 24-Pin 0.3" DIP 


SPECIFICATIONS - Min or Max at Ta = +25X 




Relative 

Differential 


Settling 

W 

Input 

Temp. 

Volume* 

ModeP 

Resolution 

Accuracy 

Nonlinearity 

GainT.C. 

Time 

Out 

Logic 

Range^ 

Section 


Bits 

LSB 

LSB 

ppni/®C 





Page 

AD567JD(SD) 

12 

±1/2 

±3/4 

50/30 

500ns 

I 

TTL& 

C/E 

1-9-73 

AD567KD 

12 

±1/4 

±1/2 

20 

500ns 

I 

CMOS 

C/C 

1-9-73 

AD667JN(SD) 

12 

±1/2 

±3/4 

30 

4|xs 

V 

TTL& 

C/E 

1-9-83 

AD667AD(AE) 

12 

±1/2 

±3/4 

30 

4|jis 

V 

CMOS 

I/I 

1-9-83 

AD667KN(BDXBE) 

12 

±1/4 

±1/2 

15 

4p,s 

V 


C/I/I 

1-9-83 

AD7245JN(AQ)(SQ) 

12 

±2 

±1 

5 

5p.s 

V 

TTL& 

C/I/E 

S-3-195 

AD7245KN(BQ)(TQ) 

12 

±1 

±1 

5 

5|Jis 

V 

CMOS 

C/I/E 

S-3-195 


NOTES 

‘Suffix “N” - plastic DIP; Suffix “D” - ceramic DIP; Suffix “E” - leadless chip carrier; Suffix “Q” - cerdip. 

= 0 to + 70“C, I = - 25X to + SS^C, E = - 55“C to + 125°C. 

*I = Volume 1 - Integrated Circuits; II = Volume 2 - Modules & Subsystems; S = This Volume. 
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Digital-to-Analog Converters 


12-Bit |xP-Compatible 



Vref 



AD7248 

Complete 12-Bit DAC on a Chip 
On-Cliip Reference 
Buffered Output Voltage 
Fast Digital Interface 
Low Power CMOS: 60mW 
Single or Dual Supply Operation 
Unipoiar or Bipolar Output 
Small 20-Pin 0.3" DIP 


AD7542 

Nonlinearity: ±1/2LSBTmin to Tmax 

Low Gain Drift: 2ppm/"C typ, 5ppm/"C max 

Microprocessor Compatible 

Full 4-Quadrant Multiplication 

Low Multiplying Feedthrough 

Low Power: CMOS 

Small Size: 16-Pin DIP 



AD7543 

Nonlinearity: ± 1/2LSB T^in to T^ax 

Low Gain T.C.: 2ppm/^C typ, 5ppm/**C max 

Serial Load on Positive or Negative Strobe 

Asynchronous CLEAR Input for Initialization 

Fuil 4-Quadrant Multiplication 

Low Multiplying Feedthrough: 1LSB max @ lOkHz 

Requires no Schottky Diode Output Protection 

Low Power: CMOS 

+5V Supply 

Small Size: 16-Pin DIP 


SPECIFICATIONS - Min or Max at Ta = +25°C 




Relative 

Differential 

Settling 

W 

Input 

Temp. 

Volume* 

Model^ 

Resolution 

Accuracy 

Nonlinearity 

GainT.C. Time 

Out 

Logic 

Range^ 

Section 


Bits 

LSB 

LSB 

ppm/"C ps 




Page 

AD7248JN(AQ)(SQ) 

12 

±2 

±1 

5 5 

V 

TTL& 

C/I/E 

S-3-195 

AD7248KN(BQ)(TQ) 

12 

±1 

±1 

5 5 

V 

CMOS 

C/I/E 

S-3-195 

AD7542JN(AD)(SD) 

12 

±1 

±2 

5 

I 

CMOS 

C/I/E 

1-9-215 

AD7542KN(BDXTD) 

12 

±1/2 

±1 

5 

I 


C/I/E 

1-9-215 

AD7543JN(AD)(SD) 

12 

±1 

±2 

5 

I 

CMOS 

ai/E 

1-9-223 

AD7543KN(BD)(TD) 

12 

±1/2 

±1 

5 

I 


C/I/E 

1-9-223 


NOTES 

* Suffix “N” - plastic DIP; Suffix “D” - ceramic DIP. 

= 0 to + 70“C, I = - 25°C to + 85X, E = - 55°C to + 125X. 

*I = Volume 1 - Integrated Circuits; II = Volume 2 - Modules & Subsystems; S = This Volume. 
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Digital-to-Analog Converters 

12-Bit ixP-Compatible 



AD7537 

Two 12-Bit DACs in One Package 
Versatile 8-Bit Bus Interface 
4-Quadrant Multiplication 
Low Gain Error (1LSB max) 

DAC Ladder Resistance Matching: 0.5% 
Space Saving 0.3", 24-Pin Package 



AD7547 

Two 12-Bit DACs in One Package 
12-Bit Parallel Load 
Versatile 8-Bit Bus Interface 
4-Quadrant Multiplication 
Low Gain Error (1LSB max) 

DAC Ladder Resistance Matching: 0.5% 
Space Saving 0.3", 24-Pin Package 


AD7549 

Two 12-Bit DACs in One Package 
Space Saving - 4-Bit Bus interface 
4-Quadrant Multiplication 
Simultaneous Updating of Both DACs 
DAC Ladder Resistance Matched to 1% Typical 
Low Power: CMOS 


SPECIFICATIONS ~ Min or Max at Ta = +25°C 




Relative 

Differantial 


Settling 

W 

Input 

Temp. 

Volume* 

Model‘ 

Resolution 

Accuracy 

Nonlinearity 

GainT.C. 

Time 

Out 

Logic 

Range^ 

Section 


Bits 

LSB 

LSB 

ppm/*^ 

ps 




Page 

AD7537JN(AQ)(SQ) 

12 

±1 

±1 

5 

1.5 

I 

TTL& 

aim 

S-3-233 

AD7537KN(BQ)(TQ) 

12 

±1/2 

±1 

5 

1.5 

I 

CMOS 

aim 

S-3-233 

AD7547JN(AQ)(SQ) 

12 

±1 

±1 

5 

1.5 

I 

TTL& 

aim 

S-3-233 

AD7547KN(BQ)(TQ) 

12 

±1/2 

±1 

5 

1.5 

I 

CMOS 

aim 

S-3-233 

AD7549JN(AD)(SD) 

12 

±1 

±1 

5 

1.5 

I 

TTL& 

avE 

S-3-235 

AD7549KN(BDXTD) 

12 

±1/2 

±1/2 

5 

1.5 

I 

CMOS 

aim 

S-3-235 


NOTES 

‘Suffix “N”-plastic DIP; Suffix “D” -ccraxnic DIP; Suffix ‘*Q”-cerdip. 

=0 to + 70»C, I = - 25‘X: to + 85*C, E = - 55*C to + 125X. 

*I=Volume 1-Integrated Circuits; 11 = Volume 2-Modules & Subsystems; S=This Volume. 
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AD390 

Four Complete 12-Bit DACs in One iC Package 
Linearity Error ± 1/2LSB T^m - Tn,ax (AD390K, T) 
Factory-Trimmed Gain and Offset 
Buffered Voltage Output 

Monotonicity Guaranteed Over Full Temperature 
Range 

Double-Buffered Data Latches 
Includes Reference and Buffer 
Fast Settling: 8ps max to ±1/2LSB 


AD394 

Four Low Power 12-Bit CMOS DACs with Buffer 
Registers 

Linearity Error ±1/2LSB Tmin-Tmax 
(AD394, AD395K, T) 

Factory-Trimmed Gain and Offset 
Precision Output Amplifiers for Vqut 
Full Four Quadrant Multiplication per DAC 
Monotonicity Guaranteed Over Full Temperature 
Range 

Fast Settling: 15p,s max to ±1/2LSB 





Relative 

Differential 


Settling 

irsr 

Input 

Temp. 

Volume* 

Model^ 

Resolution 

Accuracy 

Nonlinearity 

Gain T.C. 

Time 

Out 

Logic 

Range^ 

Section 


Bits 

LSB 

LSB 

ppm/®C 

ps 




Page 

AD390JD(SD) 

12 

±3/4 

±3/4 

40^ 

8 

V 

TTL& 

C/E 

1-9-27 

AD390KD(TD) 

12 

±1/2 

±1/2 

20^ 

8 

V 

CMOS 

C/E 

1-9-27 

AD394JM(SM) 

12 

dr3/4 

±3/4 

10 

15 

V 

TTL& 

C/E 

S-3-49 

AD394KM(TM) 

12 

±1/2 

±1/2 

5 

15 

V 

CMOS 

C/E 

S-3-49 


NOTES 

^Suffix “D” - ceramic DIP; Suffix “M” - metal package. ^With internal reference. 

^C = 0to +70®C,E= -55°Cto +125“C. =Volume 1-Integrated Circuits; 11 = Volume 2-Modules & Subsystems; S = This Volume. 
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Digital-to-Analog Converters 

12-Bit |tP-Compatible 



AD395 

Four Complete 12>Bit CMOS DACs with Buffer 
Registers 

Linearity Error ± 1/2LSB T^in-Tmax 
(AD394, AD395K, T) 

Factory-Trimmed Gain and Offset 
Precision Output Amplifiers for Vqut 
Two Quadrant Multiplication per DAC 
Monotonicity Guaranteed Over Full Temperature 
Range 

Fast Settling: ISps max to ±1/2LSB 


SPECIFICATIONS - Min or Max at Ta = +25‘’C 




Relative 

Differential 


Settling 

irv 

Input 

Temp. 

Volume* 

Modei^ 

Resolution 

Accuracy 

Nonlinearity 

GainT.C. 

Time 

Out 

Logic 

Range^ 

Section 


Bits 

LSB 

LSB 

ppm/®C 

Its 




Page 

AD395JM(SM) 

12 

±3/4 

±3/4 

10 

15 

V 

TTL& 

C/E 

S-3-49 

AD395KM(TM) 

12 

' ±1/2 

±1/2 

5 

15 

V 

CMOS 

C/E 

S-3-49 


NOTES 

* Suffix “M” - metal package. 

= 0 to + 70°C, E = - 55®C to + 125°C. 

*I = Volume 1 - Integrated Circuits; II = Volume 2 - Modules & Subsystems; S=This Volume. 
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AD7111 

Dynamic Range: 88.5dB 

Resolution: 0.375dB 

On-Chip Data Latches 

Full ±25V Input Range Multiplying DAC 

Low Distortion 

Single +5V Supply 

Latch-Up Free (No Protection Schottky Required) 
Low Power: CMOS 

APPLICATIONS 

Digitally Controlled AGC Systems 
Audio Attenuators 

Wide Dynamic Range A/D Converters 
Sonar Systems 
Function Generators 


AD7115 


Dynamic Range: 0 to 19.9dB Pius Full Muting 

Resolution: 0.1 dB 

2 1/2 Digit BCD Input Coding 

On-Chip Data Latches 

Full ± 25V Input Range 

Low Distortion and Noise 

Latch-Up Free (No Protection Schottky Required) 
TTL Compatible 
Low Power: CMOS 


HBEN DBS DBO LBEN 



AD7118 

Dynamic Range 85.5dB 
Resolution 1.5dB 

Full ±25V Input Range Multiplying DAC 
Extended Temperature Range -55°C to +125X 
Low Distortion 
Low Power: CMOS 

Latch-Proof Operation (Schottky Diodes Not 
Required) 


SPECIFICATIONS - Min or Max at Ta = +25°C 


AD7111KN(BQ)(TD) 

AD7111LN(CQ)(UD) 

AD7115KN(BQ)(TD) 

AD7118KN(BDXTD) 

AD7118LN(CD)(UD) 



Relative 

Differential 


Settling 

i/y 

Input 

Temp. 

Volume* 

solution 

Accuracy 

Nonlinearity 

GainT.C. 

Time 

Out 

Logic 

Range^ 

Section 

dB 

dB 


ppm/®C 

(IS 




Page 

0.375 

±0.17 

Monotonic 

N/A 

4.5 

I 

TTL&’ 

C/I/E 

1-9-109 

0.375 

±0.17 

Monotonic 

N/A 

4.5 

I 

CMOS 

C/I/E 

1-9-109 

0.1 

±0.05 

Monotonic 

N/A 

7 

I 

TTL& 

CMOS 

C/I/E 

1-9-115 

1.5 

±1.0 

Monotonic 

N/A 

1.8 

I 

TTL& 

C/I/E 

1-9-123 

1.5 

±0.75 

Monotonic 

N/A 

1.8 

I 

CMOS 

C/I/E 

1-9-123 


NOTES 

* Suffix “N” - plastic DIP; Suffix “D” - ceramic DIP; Suffix “Q” - cerdip. 

= 0 to + 70°C, I = - 25°C to + 85°C, E = - 55°C to + 125°C. 

*I = Volume 1 - Integrated Circuits; II = Volume 2 - Modules & Subsystems; S=This Volume. 
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Digital-to-Analog Converters 

High Resolution 



DB7 DBO DGND Vss 


AD7534 

All Grades 14-Bit Monotonic over the Full 
Temperature Range 
Full 4-Quadrant Multiplication 
Microprocessor Compatible with Double Buffered 
Inputs 

Exceptionally Low Gain Temperature Coefficient, 
0.5ppm/X typ 
Small 20-Pin Package 

Low Output Leakage (<20nA) over the Full 
Temperature Range 
Low Power: CMOS 



AD7535 

All Grades 14-Bit Monotonic over the Full 
Temperature Range 
Full 4 Quadrant, Multiplication 
Microprocessor Compatible with Double Buffered 
Inputs 

Exceptionally Low Gain Temperature Coefficient, 
0.5ppm/®C typ 

Low Output Leakage (<20nA) over the Full 
Temperature Range 
Low Power: CMOS 


AD7536 

Full 4-Quadrant Multiplication without External 
Resistors 

All Grades 14-Bit Monotonic over the Full 
Temperature Range 

Low Output Leakage (<20nA) over the Full 
Temperature Range 

Low Gain Temperature Coefficient, 2ppm/*’C 


SPECIFICATIONS - Min or Max at Ta - +25®C 


ModeP 


Relative 

Differential 


Settling 

I/V 

Input 

Temp. 


Resolution 

Accuracy 

Nonlinearity 

GainT.C. 

Time 

Out 

Logic 

Range^ 


Bits 


LSB 

ppm/”C 

ps 




AD7534JN(AD)(SD) 

14 

±2LSB 

±1 

5 

1.5 

I 

TTL& 

C/I/E . 

AD7534KN(BDXTD) 

14 

±1LSB 

±1 

2.5 

1.5 

I 

CMOS 

C/I/E 

AD7535JN(AD)(SD) 

14 

±2LSB 

±1 

5 

1.5 

I 

TTL& 

C/I/E 

AD7535KN(BDXTD) 

14 

±1LSB 

±1 

2.5 

1.5 

I 

CMOS 

C/I/E 

AD7536JN(ADXSD) 

14 

±2LSB 

±1 

5 

1.5 

I 

TTL& 

ai/E 

AD7536KN(BDXTD) 

14 

±1LSB 

±1 

5 

1.5 

I 

CMOS 

C/I/E 


NOTES 

'Suffix “N”-plastic DIP; Suffix “D”~ceramic DIP. 

^C-Oto +70"C,I= ~25“Cto +85“C,E= -SS'Cto + 125“C. 

*I = Volume 1 - Integrated Circuits; II = Volume 2 - Modules & Subsystems; S = This Volume. 


Volume* 

Section 

Page 

S-3-197 

S-3-197 

S-3-209 

S-3-209 

S-3-221 

8-3-221 
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AD DAC71/AD DAC72 

16-Bit Resolution 
±0.003% Maximum Nonlinearity 
Low Gain Drift ± 7ppm/®C 
0 to +70“C Operation (AD DAC71, AD DAC71H, 
AD DAC72C) 

-25“C to -l-85°C Operation (AD DAC72) 

Current and Voltage Models Available 
Improved Second-Source 



DB15 OBO 


AD569 

Guaranteed 16-Bit Monotonicity 
Voltage Output, 6|is Settling Time 
Monolithic BIMOS II Construction 
±0.01% Nonlinearity 
8- and 16-Bit Bus Compatible 
3ps Settling Time to 16 Bits 
Low Drift 

Low Power: 200mW 


SPECIFICATIONS ~ Min or Max at Ta = +2S°C 




Relative 

Differendai 


Settling 

FV 

Input 

Temp. 

Volume* 

Model^ 

Resolution 

Accuracy 

Nonlinearity 

GainT.C. 

Time^ 

Out 

Logic 

Range^ 

Section 


Bits 

LSB 

LSB 

ppni/*C 

|AS 




Page 

ADDAC71-COB-I 

16 

±11/2 

±2 

15 

5 

I 

TTL 

C 

1-9-271 

ADDAC71-CSB-I 

16 

±11/2 

±2 

15 

5 

I 

TTL 

C 

1-9-271 

ADDAC71H-COB-I 

16 

±11/2 

±2 

15 

5 

I 

TTL 

C 

1-9-271 

ADDAC71H-CSB-I 

16 

±11/2 

±2 

15 

5 

I 

TTL 

C 

1-9-271 

ADDAC72&-COB-I 

16 

±11/2 

±2 

15 

5 

I 

TTL 

C 

1-9-271 

ADDAC72C-CSB-I 

16 

±11/2 

±2 

15 

5 

I 

TTL 

C 

1-9-271 

ADDAC72-COB-I 

16 

±11/2 

±2 

15 

5 

I 

TTL 

I 

1-9-271 

ADDAC72-CSB-I 

16 

±11/2 

±2 

15 

5 

I 

TTL 

I 

1-9-271 

ADDAC71-COB-V 

16 

±11/2 

±2 

15 

5 

V 

TTL 

C 

1-9-271 

ADDAC71-CSB-V 

16 

±11/2 

±2 

15 

5 

V 

TTL 

c 

1-9-271 

ADDAC71H-COB-V 

16 

±11/2 

±2 

15 

5 

V 

TTL 

c 

1-9-271 

ADDAC71H-CSB-V 

16 

±11/2 

±2 

15 

5 

V 

TTL 

c 

1-9-271 

ADDAC72(M:0B-V 

16 

±11/2 

±2 

15 

5 

V 

TTL 

c 

1-9-271 

ADDAC720CSB-V 

16 

±11/2 

±2 

15 

5 

V 

TTL 

c 

1-9-271 

ADDAC72-COB-V 

16 

±11/2 

±2 

15 

5 

V 

TTL 

I 

1-9-271 

ADDAC72-4:SB-V 

16 

±11/2 

±2 

15 

5 

V 

TTL 

I 

1-9-271 

AD569JN(AD)(SQ) 

16 

1+ 

±1 

- 

35 

V 

TTL 

C/I/E 

1-9-81 

AD569KN(BD) 

16 

1+ 

±1/2 

- 

35 

V 

TTL 

aim 

1-9-81 


NOTES 

^ Suffix “N” - plastic DIP; Suffix “D” - ceramic DIP; Suffix “Q” - cerdip. 

^Settling time to 0.003%. 

3C = 0to +70“C,I= -25“Cto +85‘'C,E= -55“Cto +125“C. 

"^Relative accuracy specified as ± 0.04% (J, A, S) and ± 0.024% (K, B). 

^Settling time to 0.001%. 

= Volume 1 - Integrated Circuits; 11 = Volume 2 - Modules & Subsystems; S=This Volume. 
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Digital-to-Analog Converters 


High Resolution 


MSB 1 
BIT 2 2 

BITS 3 
BIT 4 4 

BITS 9 
BITS 10 
BIT? 11 
BIT 8 12 

BIT 9 16 
BIT 10 17 
BIT 11 18 

BIT 12 19 

BIT 13 23 
BIT 14 24 
BIT 15 25 
BIT 16 26 
*BIT 17 27 
+5V 28 

•bit 18 29 
+15V 30 

-15V 32 



ZERO 
71 ADJUST 
70 5k SENSE 
69 CURRENT OUT 
68 10k SENSE 


53 REF IN 
52 REF OUT 


49 GAIN 
48 GAIN 
47 AMP OUT 
46 BIPOLAR 
OFFSET OUT 
44 AMP IN 


•DAC1138 0NLY 


DAC1136 

16-Bit Resolution and Accuracy 

Nonlinearity 1/2SLB 

Settling to 1/2LSB (0.0008%) in 8|jis 


DAC1138 

18-Bit Resolution and Accuracy (38|jiV. 

1 Part in 262,144) 

Integral Nonlinearity 1/2LSB max 
Differential Nonlinearity 1/2LSB max 
Excellent Stability 

Settling to 1/2LSB (0.0002%) in 10|jis 
Hermetically-Sealed Semiconductors 



DAC1146 

Low Cost, High Accuracy 18-Bit D/A Converter 
Integral Nonlinearity: ±0.00076% FSR max 
Differential Nonlinearity: ±0.00076% FSR max 
Low Differential Nonlinearity T.C.: ±1ppm/°C max 
Wide Power Supply Operation: ± 11.5V to ±16V 
Fast Settling: 6|jis to ±0.00076% FSR 
Small Size 2"xrx0.4" 


SPECIFICATIONS - Min or Max at Ta = +25"C 




Relative 

Differential 


Settling 

Input 

W 

Temp. 

Volume^ 

Model 

Resolution 

Accuracy 

Nonlinearity 

GainT.C. 

Time 

Logic 

Out 

Range^ 

Section 


Bits 

LSB 

LSB 

ppni/®C 

ps 




Page 

DAC1136J 

16 

1 

1 

5typ 

8 typ 

TTL&CMOS 

irv 

C 

11-10-27 

DAC1B6K 

16 

1/2 

1/2 

5typ 

8 typ 

TTL&CMOS 

IfW 

C 

11-10-27 

DAC1136L 

16 

1/2 

1/2 

8 

8 typ 

TTL&CMOS 

i/y 

C 

11-10-27 

DAC1146 

18 

2 

2 

12 

6typ 

TTL&CMOS 

I/V 

C 

11-10-35 

DAC1138J 

18 

1 

1 

0.8 typ 

10 typ 

TTL&CMOS 

IN 

C 

11-10-27 

DAC1138K 

18 

1/2 

1/2 

0.8 typ 

10 typ 

TTL&CMOS 

IfW 

C 

11-10-27 


NOTES 
*C = 0to+70°C. 

*I = Volume 1 - Integrated Circuits; II = Volume 2 - Modules & Subsystems; S = This Volume. 
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AD1147 

16>Bit Hybrid: Microprocessor Compatibie 
Latched 8-Bit Input DACs: 

Gain 8t Offset Correction via pP 
Multiplexed with Main 16-Bit Input DAC 
Nonlinearity: ±0.00076% max 
Differential TC: ± 1 ppm/^C max 
Fast Settling: 18ps to ±0.00076% 

Low Power: 375mW (Including Reference) 
Current or Voltage Output 
Full Four Quadrant Multiplying 
Functionally Complete: 

Internal + 10V Reference; Output 
Amplifier; Input Latches 



AD1148 

16-Bit Hybrid: Microprocessor Compatible 
Latched 8-Bit Input DACs: 

Gain & Offset Correction via pP; 
Separate from Main 16-Bit Input DAC 
Differential Nonlinearity: ±0.00076% max 
Differential TC: ± 1 ppmrC max 
Fast Settling: 18psto ±0.00076% 

Low Power: 375mW (Including Reference) 
Functionally Complete: 

Internal + 10V Reference; Output 
Amplifier; Input Latches 


SPECIFICATIONS - Min or Max at Ta = +25‘’C 




Relative 

Differential 


Settling 

Input 

uv 

Temp. 

Volume* 

Model 

Resolution 

Accuracy 

Nonlinearity 

GainT.C. 

Time 

Logic 

Out 

Range^ 

Section 


Bits 

LSB 

LSB 

ppmTC 

ps 




Page 

ADI 147 

16 

111 

Ml 

10 

18typ 

CMOS 

LV 

I 

S-3-167 

ADI 148 

16 

1 

Ml 

10 

18typ 

CMOS 

V 

I 

S-3-167 


NOTES 

‘l=-25'’Cto+85“C. 

*I = Volume 1 - Integrated Circuits; II = Volume 2 - Modules & Subsystems; S=This Volume. 
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Digital-to-Analog Converters 

Video Display 



AD9700 

Update Rates to 125MHz 
Low Glitch Energy 
Complete Composite Signals 
On-Chip Reference Supply 
Single ~5.2V Power Supply 


AD9702 

ECL or TTL Compatible 

Composite Inputs 

125IVIHZ Update Rates Minimum 



HDG SERIES 

Update Rates to 150MHz 
Low Glitch Energy 
Complete Composite Inputs 
Single -5.2V Power Supply 
Military Temperature Range Available 


SPECIFICATIONS 

- Min or Max at Ta = +25°C 

Relative Differential 

Settling 

y\ 

Input 

Temp. 

Volume* 

Model* 

Resolution 

Bits 

Accuracy 

±%GS 

Nonlinearity 

±%GS 

GainT.C. 

ppni/°C 

Time 

ns 

Out 

Logic 

Range^ 

Section 

Page 

AD9700BD(BW) 

8 

0.2 

0.2 

50 

10 

I 

ECL 

I 

S-3-315 

AD9700SD 

8 

0.2 

0.2 

50 

10 

I 

ECL 

E 

S-3-315 

AD9702BD(BW)* 

4(x3) 

0.8 

0.8 

200 

5 

I 

ECL & TTL 

I 

8-3-319 

HDG-0405 

4 

3.2 

3.2 

50 

4 

I 

ECL 

I 

1-9-310 

HDG-0605 

6 

0.8 

0.8 

50 

6 

I 

ECL 

I 

1-9-310 

HDG-080S 

8 

0.2 

0.2 

50 

8 

I 

ECL 

I 

1-9-310 

HDG-0405BD(BW) 

4 

3.2 

3.2 

50 

5 

I 

ECL 

I 

1-9-310 

HDG-0605BD(BW) 

6 

0.8 

0.8 

50 

7 

I 

ECL 

I 

1-9-310 

HDG-0805BD(BW) 

8 

0.2 

0.2 

50 

9 

I 

ECL 

I 

1-9.310 

HDG-0405SD 

4 

3.2 

3.2 

50 

5 

I 

ECL 

£ 

1-9-310 

HDG-0605SD 

6 

0.8 

0.8 

50 

7 

I 

ECL 

E 

1-9-310 

HDG-080SSD 

8 

0.2 

0.2 

50 

9 

I 

ECL 

£ 

1-9-310 


NOTES 

'No suffix-metal DIP; Suffix “D”-hermetic ceramic DIP; Suffix “W”-non-hermctic ceramic DIP. 
^1= -25‘’Cto +85°C;E= -55’Cto + 125“C. 

^Contains (3) 4-bit D/As. 

*I = Volume 1 - Integrated Circuits; II = Volume 2 - Modules & Subsystems; S=This Volume. 
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HDD SERIES 

HDD-0810 - 8 Bits of Resolution 
HDD-1015 - 10 Bits of Resolution 
10ns Settling Time to 0.2% (HDD-0810) 

15ns Settling Time to 0.1% (HDD-1015) 

Internal Monolithic Reference 
Low 200pV-s Glitch Impulse 
Compatible with EIA Standards RS-170 and RS-343, 
Including 10% Brightness 
Complete Composite Inputs ("'C" Models) 


HDG-0407/0807 

Update Rates to 50MHz 
Low Glitch 

Complete Composite Inputs 
Single -H5V Power Supply 
TTL-Compatible Inputs 
Directly Drives 7511 to Ground 


HDL-3805/3806 

Triple 8-Bit D/A wKh LUTs 
115MHz Update Rates 
RGB Composite Functions 
Small Size (2.3" x 1.5") 

Latched Composite Functions (HDL-3806) 


SPECIFICATIONS - Min or Max at Ta = +25°C 




Relative 

Differential 


Settling 

I/V 

Input 

Temp. 

Volume* 

Model^ 

Resolution 

Accuracy 

Nonlinearity 

Gain T.C. 

Time 

Out 

Logic 

Range^ 

Section 


Bits 

±%( f 

±%GS 

ppm/^C 

ns 




Page 

HDD-OSIO 

8 

0.1 

_ 

80 

10 

V 

ECL 

C 

1-9-295 

HDD-08 IOC 

8 

0.1 

_ 

80 

10 

V 

ECL 

C 

1-9-295 

HDD-08 lOM(CM) 

8 

0.1 

•- 

80 

10 

V 

ECL 

I 

1-9-295 

HDG-0407BD(BW) 

4 

3.2 

3.2 

350 

8 

V 

TTL 


S-3-387 

HDG-0807BD(BW) 

8 

0.-2 

0.2 

350 

14 

V 

TTL 

I 

S-3-387 

HDL-3805BM 

8 

0.2 

0.2 

125 

10 

I 

ECL 

I 

S-3-391 

HDL-3806BM(CM) 

8 

0.2 

0.2 

125 

10 

I 

ECL 

I 

S-3-391 


NOTES 

'HDDs and HDLs- metal DIP; Suffix “D” - hermetic ceramic DIP; Suffix “W”-non-hermetic ceramic DIP. 
^Relative to full scale (FS) for binary versions; Gray scale (GS) for composite (C) versions. 

= 0 to + 70“C; I = - 25“C to + SS^C. 

*I = Volume 1 - Integrated Circuits; II = Volume 2 - Modules & Subsystems; S = This Volume. 


SELECTION GUIDES 2S9 








Digital-to-Analog Converters 


Video Display 



HDD-1206 

12-Bit Resolution 
6MHz Update Rates 
Deglitched Voltage Output 
Registers, D/A, and Amplifier 
in Single Hybrid 
Available with 883 Screening 


HDH SERIES 

8-, 10-, and 12-Bit Resolution 
300ns Voltage Settling to 0.1% 
Guaranteed Monotonicity 
Reliable Hybrid Construction 



HDM-1210 

12-Bit Multiplying Accuracy 
Good Drive: 10mA 
Highest Speed Available 
Small Size: 24-Pin DIP 


SPECIFICATIONS - Min or Max at Ta = +25°C 




Relative 

Differential 


Settling 

W 

Input 

Temp. 

Volume* 

ModeP 

Resolution 

Accuracy 

Nonlinearity 

GainX.C. 

Time 

Out 

Logic 

Range^ 

Section 


Bits 

±%FS 

±%GS 

ppm/*C 

ns 




Page 

HDD-1206JW 

12 

0.0125 

0.0125 

40 

60^ 

V 

TTL 

C 

1-9-301 

HDD-1206SM 

12 

0.0125 

0.0125 

40 

60^ 

V 

TTL 

E 

1-9-301 

HDH-0802 

8 

0.1 

0.1 

30 

150^ 

V 

TTL 

C 

1-9-317 

HDH-0802M 

8 

0.1 

0.1 

30 

150^ 

V 

TTL 

E 

1-9-317 

HDH-1003 

10 

0.05 

0.05 

30 

200^ 

V 

TTL 

C 

1-9-317 

HDH-1003M 

10 

0.05 

0.05 

30 

200^ 

V 

TTL 

E 

1-9-317 

HDH-1205 

12 

0.0125 

0.0125 

30 

350“^ 

V 

TTL 

C 

1-9-317 

HDH-1205M 

12 

0.0125 

0.0125 

30 

350^ 

V 

TTL 

E 

1-9-317 

HDM-1210 

12 

0.0125 

DNA 

20 

60^ 

I 

TTL 

I 

1-9-315 


NOTES 

*No suffix and suffix “W” - non-hermetic ceramic DIP; Suffix “M” - metal DIP. “^S-volt output step settling to 0.4%, 0.1%, and 0.0^5% for 8-, 10-, 

= 0 to + 70“C; I - - 25°C to + 85°C; E = - 55°C to + 125°C. and 12-bit units. 

^OneLSB change. ^Digital settling time to ± 1%; major carry transition. 

*1 = Volume 1-Inte^atedCircuits; 11 = Volume 2-Modules & Subsystems; S=This Volume. 
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ADJUST 


HDS-0810E/HDS-1015E 

HDS-0810E: 8 Bits 
HDS'lOISE: 10 Bits 
ECL Inputs 

Settling Time to 10ns 
Low Glitch Impulse 
100MHz Update Rates 
Low Power 


BIT 2 
BIT 3 
BIT 4 
BITS 
BITS 
BIT 7 
BIT 8 
BIT 9 



BIPOLAR 
3 OFFSET 
CURRENT 


-15V GROUND 


HDS-1240E 

12 Bits of Resolution 
Settling Time of 40ns 
Low Glitch Impulse 
ECL Compatible 


DIGITAL 

INPUTS 



HDS-0820/HDS-1025/ 

HDS-1250 

HDS>0820: 8 Bits 
HDS-1025: 10 Bits 
HDS-1250: 12 Bits 
25ns Settiing to 0.1% 

10mA Current Out 
Monotonic Over Temperature 
Reliable Hybrid Packaging 


SPECIFICATIONS - Min or Max at Ta = +25‘’C 




Relative 

Differential 


Settling 

W 

Input 

Temp. 

Volume* 

ModeP 

Resolution 

Accuracy 

Nonlinearity 

Gain T.C. 

Time 

Out 

Logic 

Range^ 

Section 


Bits 

±%FS 

±%FS 

ppm/®C 

ns 




Page 

HDS-0810E 

8 

0.1 

0.2 

80 

10^ 

I 

ECL 

C 

1-9-321 

HDS-0810EM 

8 

0.1 

0.2 

80 

10^ 

I 

ECL 

E 

1-9-321 

HDS-1015E 

10 

0.05 

0.1 

80 

15' 

I 

ECL 

C 

1-9-321 

HDS-1015EM 

10 

0.05 

0.1 

80 

15' 

I 

ECL 

E 

1-9-321 

HDS-1240E 

12 

0.0125 

0.0125 

25 

40^ 

I 

ECL 

C 

1-9-323 

HDS-1240EM 

12 

0.0125 

0.0125 

25 

40^ 

I 

ECL 

E^ 

1-9-323 

HDS-0820 

8 

0.1 

0.2 

30 

20^^ 

I 

TTL 

C 

1-9-317 

HDS-0820M 

8 

0.1 

0.2 

30 

20^ 

I 

TTL 

E 

1-9-317 

HDS-1025 

10 

0,05 

0.1 

30 

25" 

I 

TTL 

C 

1-9-317 

HDS-1025M 

10 

0.05 

0.1 

30 

25" 

I 

TTL 

E 

1-9-317 

HDS-1250 

12 

0.0125 

0.05 

30 

35" 

I 

TTL 

C 

1-9-317 

HDS-1250M 

12 

0.0125 

0.05 

30 

35" 

I 

TTL 

E 

1-9-317 


NOTES 

*No suffix and suffix “E” - hermetic ceramic DIP; Suffix “EM” or “M” - metal DIP. 

= 0 to + 70°C; E = - SS^C to + 125°C. 

^Settling time to 0.2%, 0.1%, and 0.0125%FS for 8-, 10-, and 12-bit units. 

'^Settling time to 0.4%, 0.1% and 0.025%FS for 8-, 10-, and 12-bit units, 

5-55°Cto+100°C. 

*I = Volume 1 - Integrated Circuits; II = Volume 2 - Modules & Subsystems; S = This Volume. 
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Analog-to-Digital Converters 
Pit 



POWER GROUND +Vcc 


AD670 

Complete 8-Bit A/D Converter 
Flexible Input Stage: Instrumentation Amp Front 
End Provides Differential Inputs and Good 
Common-Mode Rejection 
Fast Conversion Time: lOps max 
Full Microprocessor Bus Interface 
No User Trims Required 
No Missing Codes Over Temperature 
Single +5V Supply Required 
Convenient input Ranges, 256mV and 2.56V 
Small 20-Pin Package 


BIPOLAR 

OFFSET 

CONTROL 



AD673 

Complete 8-Bit A/D Converter with Reference, Clock 
and Comparator 

Full Microprocessor Bus Interface 
Fast Conversion Time - 30ps max 
No Missing Codes Over Temperature 
Operates on -I-5V and -12V to -15V Supplies 
Unipolar or Bipolar input Range 


SPECIFICATIONS - Min or Max at Ta = +25‘’C 




Relative 

Differential 

Full Scale Error 

Conversion 


Temp. 

Volume* 

Model^ 

Resolution 

Accuracy 

Nonlinearity^ 

Tmin-Tmax 

Time 

Logic 

Range^ 

Section 


Bits 

LSB 


LSB 

ps 



Page 

AD670(JN)(AD)(SD) 

8 

±1/4 

NMCOT 

2.5 

10 

TTL 

C/I/E 

1-10-85 

AD670KN(BD) 

8 

±1/4 

NMCOT 

1.0 

10 

TTL 

C/I 

1-10-85 

AD673JNaD)(SD) 

8 

±1/2 

NMCOT 

2typ 

30 

TTL 

C/E 

1-10-95 


NOTES 

* Suffix “N” - plastic DIP; Suffix “D” - ceramic DIP. 

^NMC- No missing codes; NMCOT-No missing codes over temperature. 

= 0 to + 70°C, I = - 40°C to + 85°C, E = - 55°C to + 125“C. 

*I = Volume 1 - Integrated Circuits; II = Volume 2 - Modules & Subsystems; S = This Volume. 
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AD7575 

Fast Conversion Time: 5|jis 

On-Chip Track/Hold 

Low Total Unadjusted Error: 1LSB 

Full Power Signal Bandwidth: 50kHz 

Single +5V Supply 

100ns Data Access Time 

Low Power (15mW typ) 

Low Cost 
Small Package 



AD7576 

Single + 5V Operation with External Positive 
Reference 

Fast Conversion Time: Bps 

No Missed Codes Over Full Temperature Range 

Microprocessor Compatible 

Low Cost 

Low Power: CMOS 


SPECIFICATIONS - Min or Max at Ta = +25°C 




Relative 

Differential 

Full Scale Error 

Conversion 


Temp. 

Volume* 

ModeP 

Resolution 

Accuracy 

Nonlinearity^ 

Tmin-Tmax 

Time 

Logic 

Range^ 

Section 


Bits 

LSB 


LSB 

ps 



Page 

AD7575JN(AQ)(SD) 

8 

±1 

NMCOT 

±1 

5 

CMOS 

C/I/E 

S-3-247 

AD7575KN(BQ)(TD) 

8 

±1/2 

NMCOT 

±1 

5 

CMOS 

C/I/E 

S-3-247 

AD7576JN(AQ)(SD) 

8 

±1 

NMCOT 

±1 

5 

CMOS 

C/I/E 

S-3-257 

AD7576KN(BQ)(TD) 

8 

±1/2 

NMCOT 

±1 

5 

CMOS 

ai/E 

S-3-257 


NOTES 

* Suffix “N” - plastic DIP; Suffix “D” - ceramic DIP; Suffix “Q” - cerdip. 

^NMC - No missing codes; NMCOT - No missing codes over temperatiure. 

= 0 to + yOX, I = - 25°C to + 85“C, E = - 55°C to + 125“C. 

*I = Volume 1 - Integrated Circuits; II = Volume 2 - Modules & Subsystenw; S = This Volume. 
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Analog-to-Digital Converters 

Mit" 



AD7820 

Fast Conversion Time: 1.5|jis Max 
Built-In Track-and-Hold Function 
No Missed Codes 
No User Trims Required 
Single +5V Supply 
Low Power: CMOS 



AD7824 

4 Analog Input Channels 

Built-In Track/Hold Function 

10kHz Signal Handling on Each Channel 

Fast Microprocessor Interface 

Single +5V Supply 

Low Power: 40mW 

Fast Conversion Rate, 2.5|is/Channei 

Tight Error Specification: 1/2LSB 



AD7828 

8 Analog Input Channels 

Built-In Track/Hold Function 

10kHz Signal Handling on Each Channel 

Fast Microprocessor Interface 

Single +5V Supply 

Low Power: 40mW 

Fast Conversion Rate, 2.5|is/Channel 

Tight Error Specification: 1/2LSB 


SPECIFICATIONS - Min or Max at Ta = +25°C 

Total Channel-to- 




Unadjusted 

Differential 

Channel 

Conversion 


Temp. 

Volume* 

ModeP 

Resolution 

Error 

Nonlinearity^ 

Mismatch 

Time^ 

Log;ic 

Range^ 

Section 


Bits 

LSB 


LSB 

ps 



Page 

AD7820KN(BQ)(TQ) 

8 

±1 

NMCOT 

N/A 

1.6 

TTL 

C/I/E 

S-3-289 

AD7820LN(GQ)(UQ) 

8 

±1/2 

NMCOT 

N/A 

1.6 

TTL 

aim 

S-3-289 

AD7824KN(BQ)(TQ) 

8 

±1 

NMCOT 

±1/4 

2.5 

TTL 

cam 

S-3-301 

AD7824LN(CQ)(UQ) 

8 

±1/2 

NMCOT 

±1/4 

2.5 

TTL 

cam 

S-3-301 

AD7828KN(BQ)(TQ) 

8 

±1 

NMCOT 

±1/4 

2.5 

TTL 

C/I/E 

S-3-301 

AD7828KN(CQ)(UQ) 

8 

±1/2 

NMCOT 

±1/4 

2.5 

TTL 

aim 

S-3-301 


NOTES 

*Suffix“N”-plastic DIP; Suffix “Q”-cerdip. 

^NMC - No missing codes; NMCOT - No missing codes over temperature. 

^Conversion time expressed in jjus/channel for AD7824 and AD7828. 

= 0 to + 70“C, I = - 25°C to + 85°C, E = - 55°C to + 125°C. 

*I = Volume 1 - Integrated Circuits; II = Volume 2 - Modules & Subsystems; S = This Volume. 
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10-Bit 


DIGITAL 

V+ V- COMMON CONVERT 



AD573 

Complete 10-Bit A/D Converter with Reference, 
Clock and Comparator 

Full 8- or 16‘Blt Microprocessor Bus Interface 
Fast Conversion Time - 30ps max 
No Missing Codes Over Temperature 
Operates on -I-5V and -12V to -15V Supplies 
Unipolar or Bipolar Input Range 




AD575 

Complete 10-Bit A/D Converter with Reference 
Clock and Comparator 
Serial Output 

Fast Successive Approximation Conversion: 30ps 
max 

No Missing Codes Over Temperature 
Operation on +5V and -12V to -15V Supplies 
Unipolar or Bipolar Input Range 


SPECIFICATIONS - Min or Max at Ta = +25^C 



Relative 

Differential 

Full Scale Error 

Conversion 


Temp. 

Volume* 

Model^ 

Resolution Accuracy 

Nonlineadty^ 

Tmin-Tmax 

Time 

Logic 

Range^ 

Section 


Bits LSB 


LSB 

ps 



Page 

AD573JN(JD) 

10 ±1 

NMC 

±4 

30 

TTL 

C 

1-10-47 

AD573KN(KD) 

10 ± 1/2 

nmCot 

±2 

30 

TTL 

C 

1-10-47 

AD573SD 

10 ±1 

NMCOT 

±5 

30 

TTL 

E 

1-10-47 

AD575JN(JD)(SD) 

10 ±1 

NMC(NMC)(NMCOT) 

±4(±4)(±5) 

30 

TTL 

, C/C/E 

S-3-79 

AD575KN(KD) 

10 ± 1/2 

NMCOT 

±2 

30 

TTL 

C 

S-3-79 


NOTES 

^Suffix “N” - plastic DIP; Suffix “D” - ceramic DIP. 

^NMC - No missing codes; NMCOT - No missing codes over temperature. 

= 0 to + 70'*C, E = - 55°C to 4- 125°C. 

*I = Volume 1 - Integrated Circuits; II = Volume 2 - Modules &'Subsystems; S=This Volume. 
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Analog-to-Digital Converters 
iolit ~ 


CONVERT CLOCK CLOCK 

REF OUT START EOC IN OUT 



GND CYCLE 


AD579 

Complete lO-Bit A/D Converter with Reference and 
Clock 

Fast Successive Approximation Conversion: I.Sps 
Buried Zener Reference for Long Term Stability and 
Low Gain T.C.: ±40ppm/®C max 
Max Nonlinearity: <±0.048% 

Low Power: 775mW 


CMP OUT Vdo 



CLK CLK BUSY Vcc RD CS CE FORM HSEL/LSEL 
IN OUT 


AD7571 

10-Bit Plus Sign Resolution 

No Missed Codes Over Full Temperature Range 

Conversion Time SOps 

Differential Analog Voltage Inputs, ±10V Range 
Serial and Parallel Data Outputs 
Easy Interface to Most Microprocessors 
Internal Clock Oscillator 

Single Supply Operation for Positive-Only Signals 
Low Power: CMOS 


SPECIFICATIONS - Min or Max at Ta = +25°C 




Relative 

Differential 


Conversion 


Temp. 

Volume* 

ModeP 

Resolution 

Accuracy 

Nonlinearity^ 

GainT.C. 

Time 

Logic 

Range^ 

Section 


Bits 

^ LSB 


ppm/**C 

ps 



Page 

AD579JN 

10 

±1/2 

NMCOT 

40 

2.2 

TTL 

C 

1-10-79 

AD579KN(TD) 

10 

±1/2 

NMCOT 

40 

1.8 

TTL 

C/E 

1-10-79 

AD7571JN(AQ)(SD) 

10 + SIGN 

±1 

NMCOT 

5 

80 

TTL& 

ai/E 

I-10-B9 

AD7571KN(BQ)(TD) 

10 + SIGN 

±1/2 

NMCOT 

5 

80 

CMOS 

C/I/E 

1-10-139 


NOTES 

^Suffix “N”-plastic DIP; Suffix “D”-ceramic DIP; Suffix “Q”-cerdip. 

^NMC - No missing codes; NMCOT - No missing codes over temperature. 

=0 to + 70°C, I = - 25‘’C to + 85°C, E = - 55“C to + 125°C. 

*I = Volume 1 - Integrated Circuits; II = Volume 2 - Modules & Subsystems; S=This Volume. 
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Bit 



AD572 


True 12-Bit Operation: Max Nonlinearity <±0.012% 
Low Gain T.C.: <±15ppm/^C (AD572B) 

Low Power: 900mW 
Fast Conversion Time: <25|ts 
Monotonic Feedback DAC Guarantees No Missing 
Codes 



AD574A 

Complete 12-Bit A/D Converter with Reference and 
Clock 

Full 8-or 16-Bit Microprocessor Bus Interface 
Industry Standard Pinout 
Guaranteed Linearity Over Temperature 
No Missing Codes Over Temperature 
Conversion Time: SSps max 

Buried Zener Reference for Long-Term Stability and 
Low Gain T.C. 

10ppm/**C max AD574AL 
12.5ppm/**C max AD574AU 
Precision 10V Reference for External Applications 
Ceramic DIP, Plastic DIP or LCC Package 
Low Power: 390mW 


CONVERT CLOCK CLOCK 

REF OUT START EOC IN OUT 



SPECIFICATIONS - Min or Max at Ta = +25^C 

Relative Differential 

ModeP Resolution Accuracy Nonlinearity^ 

Bits LSB 

AD572AD(BD)(SD) 12 ±1/2 NMCOT 

AD574AJD(SN)(SD) 12 ± 1 NMC 

AD574AKD(KN)(TD) 12 ± 1/2 NMCOT 

AD574ALD(LN)(UD) 12 ± 1/2 NMCOT 

AD578JD(JN)(SD)'^ 12 ± 1/2 NMCOT 

AD578KD(KN)(TD)^ 12 ±1/2 NMCOT 

AD578LD(LN)^ 12 ± 1/2 NMCOT 


AD578 

Complete 12-Bit A/D Converter with Reference and 
Clock 

Fast Conversion: 3p.s (max) 

Buried Zener Reference for Long Term Stability and 
Low Gain T.C.: ±30ppm/**C max 
Max Nonlinearity: <±0.012% 

Low Power: 75mW 
Hermetic Package Available 
Short Cycle Capability 

Precision +10V Reference for External Applications 

Adjustable Internal Clock 

"IT Models for ±12V Supplies 


Gain T.C. 

Conversion 


Temp. 

Volume* 

Gain T.C. 

Time 

Logic 

Range^ 

Section 

ppni/**C 

ps 



Page 

3(K15)(25) 

25 

TTL 

C/I/E 

1-10-39 

50 

35 

TTL 

aoE 

1-10-55 

27(25) 

35 

TTL 

C/C/E 

1-10-55 

10(12.5) 

35 

TTL 

C/C/E 

1-10-55 

30(50) 

6.0 

TTL 

C/E 

S-3-87 

30 

4.5 

TTL 

C/E 

S-3-87 

30 

3.0 

TTL 

C 

S-3-87 


NOTES 

‘Suffix “D” - ceramic DIP; Suffix “N” - polymer-sealed DIP. 

^NMC - No missing codes; NMCOT - No missing codes over temperamre. 

= 0 to 4- 70"C, I = - 25“C to + 85°C, E = - SS^C to + 125°C. 

^“Z” grade versions for ± 12V operation available. 

*I = Volume 1 - Integrated Circuits; II = Volume 2 - Modules & Subsystems; S = This Volume. 
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Analog-to-Digital Converters 



AD7572 

12-Bit Resolution and Accuracy 

Fast 5|jis and 12|ts Conversion Times 

Complete with On-Chip Reference and Clock 

No User Trims 

High-Speed Digital Interface 

Low Power (135mW typ.) 

Small, 0.3" Wide, 24-Pin Package 


AD7578 

12-Bit Successive Approximation ADC 
No Missed Codes Over Full Temperature Range 
Low Total Unadjusted Error ±1LSB max 
High Impedance Analog Input 
Autozero Cycle for Low Offset Voltage 
Low Power, 75mW typ 
Small Size: 0.3", 24-Pin Package 
Conversion Time of lOOps 


AD7582 

12'Bit Successive Approximation ADC 
Four High Impedance Input Channels 
Analog Input Voltage Range of 0 to +5V with 
Positive Reference of + 5V 
Conversion Time of lOOps per Channel 
No Missed Codes Over Full Temperature Range 
Low Total Unadjusted Error ±1LSB max 
Autozero Cycle for Low Offset Voltage 
Low Power: CMOS 


SPECIFICATIONS - Min or Max at Ta = +25"C 


Model' 


AD7572JN05(AQ05XSQ05) 

AD7572ICN05(BQ05XTQ05) 

AD7572LN05(CQ05XUQ05) 

AD7572JN12(AQ12XSQ12) 

AD7572KN12(BQ12XTQ12) 

AD7572LN12(CQ12XUQ12) 

AD7578KN(BDXTD) 

AD7582KN(BDXTD) 


Relative 

Resolution Accuracy 
Bits LSB 

12 ±1 

12 ±1 

12 ± 1/2 

12 ±1 

12 ±1 

12 ±1/2 

12 ±1 

12 ±1 


fferantial Full Scale 
inlinearity Error @25* 
LSB LSB 

±1 ±15 

±1 ±10 

±1 ±10 

±1 ±15 

±1 ±10 

±1 ±10 

±3/4 ±1/4 

±3/4 ±1/4 


Full Scale Conversion 

Error TC Time 

ppni/*C 

45 5 

25 5 

25 5 

45 12 

25- 12 

25 12 

Ityp 100 

5 typ 100 


Temp. Volume* 

Logic Range^ Section 

Page 

TTL cam S-3-243 

TTL OlfE S-3-243 

TTL C/I/E S-3-243 

TTL C/I/E S-3-243 

TTL C/I/E S-3-243 

TTL C/I/E S-3-243 

TTL C/I/E S-3-265 

TTL C/I/E S-3-277 


NOTES 

' Sufiix “N” - plastic DIP; Suffix “Q” - cerdip; Suffix “D” - ceramic DIP. 

'C = 0to +70“C,I= -25°Cto +85”C,E= -55Xto +I25“C. 

*1 = Volume!-Integrated Circuits; 11=Volume 2-Modules & Subsystems; S=This Volume. 


( 
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REF GAIN CLOCK CLOCK 

OUT ADJ IN OUT 



AD ADC80 

True 12‘Bit Operation; Max Nonlinearity ±0.012% 

Low Gain T.C.; ±30ppmrC max 

Low Power; 800mW 

Fast Conversion Time; 25|xs 

Precision 6.3V Reference for External Application 

Short-Cycle Capability 

Serial or Parallel Data Outputs 

Monolithic DAC with Scaling Resistors for Stability 

Low Chip Count ~ High Reliability 

Industry Standard Pin Out 

“Z" Models for ±12V Supplies 


REF GAIN CLOCK RATE CONVERT 

OUT ADJ CONTROL COMMAND 



DIGITAL +5V +Vs SHORT -Vs 
GND CYCLE 


AD ADC84/AD ADC85 

Complete 12-Bit A/D Converter with Reference and 
Clock 

Fast Successive Approximation Conversion; lOps 
Buried Zener Reference for Long Term Stability and 
Low Gain T.C.; lOppm/^C 
Max Nonlinearity: <±0.012% 

Low Power: 880mW Typical 

Hermetic Package Available 

Low Chip Count - High Reliability 

Industry Standard Pin Out 

"Z" Models for ±12V Operation Available 


SPECIFICATIONS - Min or Max at Ta = +25°C 




Relative 

Differential 

Full Scale 

Full Scale 

Conversion 


Temp. 

Volume* 

ModeP 

Resolution 

Accuracy 

Nonlinearity^ Error %FS 

Error TC 

Time 

Logic 

Range^ 

Section 


Bits 

LSB 



ppm/^C 

ps 



Page 

ADADC80-10^ 

10 

±1/2 

NMCOT 

0.1 typ 

30 

25 

TTL 

I 

1-10-183 

ADADC80-12^ 

12 

±1/2 

NMCOT 

0.1typ 

30 

25 

TTL 

I 

1-10-183 

ADADC84-10^ 

10 

±1/2 

NMCOT 

0.25 

30 

6 

TTL 

C 

1-10-191 

ADADC84-12^ 

12 

±1/2 

NMCOT 

0.25 

30 

10 

TTL 

C 

1-10-191 

ADADC85C-10^ 

10 

±1/2 

NMCOT 

0.25 

40 

6 

TTL 

c 

1-10-191 

ADADC85C-12'» 

12 

±1/2 

NMCOT 

0.25 

25 

10 

TTL 

c 

1-10-191 

ADADC85-10'^ 

10 

±1/2 

NMCOT 

0.25 

20 

6 

TTL 

I 

1-10-191 

ADADCSS-n'* 

12 

±1/2 

NMCOT 

0.25 

15 

10 

TTL 

I 

1-10-191 

ADADC85S-10^ 

10 

±1/2 

NMCOT 

0.25 

25 

6 

TTL 

E 

1-10-191 

ADADC85S-12'‘ 

12 

±1/2 

NMCOT 

0.25 

25 

10 

TTL 

E 

1-10-191 


NOTES 

^Suffix “N” -plastic DIP; Suffix “D” -ceramic DIP. 

^NMCOT-No missing codes over temperature. 

=0 to + 70°C, I = - 25°C to + 85°C, E = - 55°C to + 125°C. 

'*“Z” grade versions for ± 12V operation available. 

*1 = Volume 1 - Integrated Circuits; II = Volume 2 - Modules & Subsystems; S=This Volume. 
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Analog-to-Digital Converters 


12-Bit 


•REF OUT/ CLOCK 

REFIN IN START 



GND 

•FOR MODELS A052X1 AND AD52X2 WITH INTERNAL REF, PIN 12 IS REF OUT. 
FOR MODELS AD52X4 AND AD52X5 WITH INTERNAL REF. PIN 12 IS REF IN. 


AD5200 SERIES 

AD5200: 50|xs Conversion Time 
AD5210: 13|jls Conversion Time 

True 12-Bit Operation: ±1/2LSB max Nonlinearity 
Totally Adjustment-Free 

Guaranteed No Missing Codes Over the Specified 
Temperature Range 
Hermetically-Sealed Package 
Standard Temperature Range: +25Xto +95X 
Extended Temperature Range: -SSX to -I'125X 
Serial and Parallel Outputs 

Monolithic DAC with Scaling Resistors for Stability 
Low Chip Count for High Reliability 
Industry Standard Pin Out 
Small 24-Pin DIP 


REF GAIN CLOCK RATE CONVERT 

OUT ADJ CONTROL COMMAND 



AD5240 

Complete 12-Bit A/D Converter with Reference and 
Clock 

Fast Successive Approximation Conversion: Sps 
Buried Zener Reference for Long Term Stability and 
Low Gain T.C.: lOppm/^C 
Max Nonlinearity: <±0.012% 

Low Power: 775mW Typical 

Hermetic Package Available 

Low Chip Count - High Reliability 

Pin Compatible with AD ADC84/AD ADC85 

“T' Models for ±12V Supplies 


SPECIFICATIONS - Min or Max at Ta = +25°C 




Relative 

Differential Absolute 

Conversion 


Temp. 

Volume* 

ModeP 

Resolution 

Accuracy 

Nonlinearity^ Accuracy 

Time 

Logic 

Range^ 

Section 


Bits 

LSB 

LSB 

|1S 



Page 

AD5201BD(TD) 

12 

±1/2 

NMCOT 2 

50 

TTL 

I/E 

1-10-105 

AD5202BD(TD) 

12 

±1/2 

NMCOT 2 

50 

TTL 

I/E 

1-10-105 

AP5204BD(TD) 

12 

±1/2 

NMCOT 2 

50 

TTL 

I/E 

1-10-105 

AD5205BD(TD) 

12 

±1/2 

NMCOT 2 

50 

TTL 

I/E 

1-10-105 

AD5211BD(TD) 

12 

±1/2 

NMCOT 2 

13 

TTL 

I/E 

1-10-105 

AD5212BD(TD) 

12 

±1/2 

NMCOT 2 

13 

TTL 

I/E 

1-10-105 

AD5214BD(TD) 

12 

±1/2 

NMCOT 2 

13 

TTL 

I/E 

1-10-105 

AD5215BD(TD) 

12 

±1/2 

NMCOT 2 

13 

TTL 

I/E 

1-10-105 

AD5240KD 

12 

±1/2 

NMCOT N/A 

5 

TTL 

C 

I-lO-lll 

AD5240BD 

12 

±1/2 

NMCOT N/A 

5 

TTL 

I 

I-lO-lll 


NOTES 

* Suffix “D”-ceramic DIP. 

^NMCOT - No missing codes over temperature. 

= 0 to + 70X, I = - 25“C to + 85°C, E = - SSX to + US^’C. 

*1 = Volume 1 - Integrated Circuits; II = Volume 2 - Modules & Subsystems; S = This Volume. 
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High Resolution 


AD ADC71/AD ADC72 - AD376 

AD376: ISfjis Conversion Time 
AD ADC71/AD ADC72: 45|jis Conversion Time 
Compiete 16-Bit Converter vt^ith Reference and 
Clock 

±0.003% Maximum Nonlinearity 
No Missing Codes over Temperature (AD376) 

Short Cycie Capability 
Industry Standard Pinout 




HAS-1409 

14-Bit Resolution 
125kHz Word Rates 
Internal Track-and-Hold 
40-Pin DIP 



AD7552 

12-Bit Binary with Polarity and Overrange 
Accuracy ±1LSB 
Microprocessor Compatible 
Ratiometric Operation 
Low Power: CMOS 


SPECIFICATIONS - Min or Max at Ta = +25X 




Relative 

Differential 

GaiaT.C. 

Conversion 


Temp. 

Volume* 

Model' 

Resolution 

Accuracy 

Nonlinearity^ 

ppni/“C 

Time 

Logic 

Range^ 

Section 


Bits 

% 



ixs 



Page 

ADADC71JN 

16 

±0.006 

l^MCtol3Bits 

15 

50 

TTL 

C 

MO-175 

ADADC71KN 

16 

±0.003 

NMCtoHBits 

15 

50 

TTL 

C 

1-10-175 

ADADC72JN 

16 

±0.006 

NMCtoBBits 

20 

50 

TTL 

c 

1-10-175 

ADADC72KN 

16 

±0.003 

NMCiol4Bits 

20 

50 

TTL 

c 

MO-175 

ADADC72AN 

16 

±0.006 

NMCtoBBits 

15 

50 

TTL 

I 

MO-175 

ADADC72BN 

16 

±0.003 

NMCtoHBits 

15 

50 

TTL 

I 

MO-175 

HAS-1409KM 

14 

±0.006 

NMC 

20 

8 

TTL 

I 

1-10-207 

HAS-1409AKM 

14 

±0.006 

NMC 

20 

8 

TTL 

I 

M0-207 

HAS-1409LM 

14 

±0.006 

NMC 

20 

8 

TTL 

I 

MO-207 

AD7552KN 

12+SIGN 

±0.012 

NMCOT 

Ityp 

160 

TTL& 

CMOS 

c 

MO-127 

AD376JM 

16 

±0.006 

NMCOT 

15 

17 

TTL 

c 

S-3-41 

AD376KM 

16 

±0.003 

NMCOT 

15 

17 

TTL 

c 

S-3-41 


NOTES 

'Suffix “N”-plastic DIP; Suffix “M”-metalJ)IP. 

^NMC - No missing codes; NMCOT - Nomissing codes over temperature. 

= 0 to + 70*0,1 = - 2S°c to + SS^C. , 

= Volume 1 - Integrated Circuits; II = Volume 2 - Modules & Subsystems; S=This Volume. 


SELECTION GUIDES 2-71 












Analog-to-Digital Converters 

High Resolution 



ADC1130/ADC1131 

14-Bit Resolution and Accuracy 

Fast 12)jis Conversion Time (ADC1131J/K) 

Nonlinearity: ±0.003% max 

Low 10ppm/**C Maximum Gain T.C. 

User Choice of Input Range 

No Missing Codes 

Parallel and Serial Data Output 



LSB 
BIT 15 
BIT 14 
BIT 13 
BIT 12 
BIT 11 
BIT 10 
BITS 
BITS 
BIT? 
BITS 
BITS 
BIT 4 
BIT 3 
BIT 2 
MSB 


ADC1140 

Low Cost 16-Bit A/D Converter 
Guaranteed Nonlinearity: ±0.003% FSR^ max 
35fiS Maximum Conversion Time 
Small Size rxrxO.4" 

Wide Power Supply Operation: ± 12V to ± 17V 


SPECIFICATIONS - Min or Max at Ta = +25°C 




Relative 

Differential 


Conversion 

Output 

Temp. 

Volume* 

Model 

Resolution 

Accuracy 

Nonlinearity 

GainT.C. 

Time 

Logic 

Range^ 

Section 


Bits 

%ofFSR‘ 

%ofFSR‘ 

ppm/**C 

Its 



Page 

ADC1130 

14 

±0.003 

±0.006 

12 

25 

TTL 

C 

11-11-27 

ADC1131J 

14 

±0.003 

±0.006 

12 

12 

TTL 

C 

11-11-27 

ADC1131K 

14 

±0.003 

±0.003 

10 

12 

TTL 

C 

11-11-27 

ADC1140 

16 

±0.003 

±0.003 

12 

35 

TTL 

C 

11-11-31 


NOTES 

*FSR means Full Scale Range. 

2C = 0to+70“C. 

*I = Volume 1 - Integrated Circuits; II=Volume 2 - Modules & Subsystems; S = This Volume. 
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REF OUT 
REFADJ 


NC 

EXTCC 

RESET 

XTALOUT 

XTALIN 


D6 

D5 

D4 


D2 

D1 



•FACTORY TEST ONLY; LEAVE UNCONNECTED 



AD1170 

Low Cost Integrating A/D Converter 
Microcomputer-Based Design 
Programmable Output Data Format: 

7 to 18-Bit Resolution 
Offset Binary or Two's Complement 
Programmable Integration Time: 

1 to 350 Milliseconds 
Auto Zeroed and Electronic Calibration 
Low Integral Nonlinearity: ± lOppm FSR 
High Normal Mode Rejection: 

-54dB @ 60Hz 
-60dB @ 50Hz 

Microprocessor Compatible Interface 
Small Size: 1.24" x 2.5" x 0.55" maximum 


ADC1143 

High Performance 16-Bit A/D Converter 
Low Power Consumption: 

175mWmax, Vs= ±15V 
150mWmax, Vs= ±12V 
Guaranteed Nonlinearity: 

±0.006% FSR max (ADC1143J) 
±0.003% FSR max (ADC1143K) 
Guaranteed Differential Nonlinearity: 
±0.006% FSR max (ADC1143J) 
±0.003% FSR max (ADC1143K) 

Low Differential Nonlinearity T.C.: 
±2ppm/°C max (ADC1143J) 
±1ppm/‘’C max (ADC1143K) 

Fast Conversion Time: 

70|ts max (ADC1143J) 
lOOps max (ADC1143K) 

Wide Power Supply Operation: 

Vs= ± 11.4V to ± 18.0V 
Vd= ±3.0Vto + 18.0V 


SPECIFICATIONS - Min or Max at Ta = +25‘^C 




Relative 

Differential 


Conversion 

Output 

Temp. 

Volume^ 

Model 

Resolution 

Accuracy 

Nonlinearity 

GainT.C. 

Time 

Logic 

Range^ 

Section 


Bits 

%ofFSRi 

%ofFSR‘ 

ppni/®C 




Page 

ADI 170 

18^ 

±0.001 

±0.0008 

5 

lto350ms'‘ 

CMOS 

C 

S-3-173 

ADC1143J 

16 

±0.0015 

±0.0015 

12 

70ps 

CMOS 

C 

11-11-35 

ADC1143K 

16 

±0.0008 

±0.0008 

12 

lOOps 

CMOS 

C 

11-11-35 


NOTES 

‘FSR equals Full Scale Range. 

2C = to+70°C. 

^Resolution is user progranunable from 7 to 22 Bits. 

^Integration time is user programmable from 1 to 350 milliseconds. 

*I = Volume 1 - Integrated Circuits; II = Volume 2 - Modules & Subsystems; S=This Volume. 
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Analog-to-Digital Converters 


High-SpeecT 



AD ADC-816 

10-Bit Resolution 
SOOns Conversion Time 
Six Input Ranges 
Unipolar or Bipolar 



HAS-0802/HAS-1002 

HAS-0802: 8 Bits Resolution 
HAS-1002: 10 Bits Resolution 
Low Power 

Adjustment-Free Operation 


SPECIFICATIONS - Min or Max at Ta = +25X 




Relative 

Differential 


Conversion 


Temp. 

Volume* 

Model^ 

Resolution 

Accuracy 

Nonlinearity^ 

GainT.C. 

Time 

Logic 

Range^ 

Section 


Bits 

LSB 


ppni/®C 

p,s 



Page 

ADADC-816KD 

10 

±1/2 

NMC 

28 

800 

TTL 

C 

S-3-323 

ADADC-816BD 

10 

±1/2 

NMC 

28 

800 

TTL 

I 

S-3-323 

ADADC-816SD 

10 

±1/2 

NMC 

28 

800 

TTL 

E 

S-3-323 

HAS-0802 

8 

±1/2 

NMCOT 

36 

1500 

TTL 

C 

1-10-201 

HAS-0802M 

8 

±1/2 

NMCOT 

30 

1500 

TTL 

C 

1-10-201 

HAS-1002 

10 

±1/2 

NMCOT 

30 

1700 

TTL 

C 

1-10-201 

HAS-1002M 

10 

±1/2 

NMCOT 

30 

1700 

TTL 

C 

1-10-201 


NOTES 

*No Suffix, Suffix “B”, “D”, “K”, “S”-hermetic ceramic DIP; Suffix “M”-metal DIP. 
^NMC- No missing codes; NMCOT - No missing codes over temperature. 

= 0 to + 70“C, I = - 25“C to + 85“C, E = - SS^C to + 125°C. 

*1 = Volume 1-Integrated Circuits; 11 = Volume 2-Modules & Subsystems; S = This Volume. 
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AD375 

Guaranteed 12-Bit No Missing Codes Over 
Temperature 
900ns Conversion Time 
1MHz Throughput Rate 
Small 40-Pin Hermetic Ceramic Package 
T/H Control Line 

Gain Accuracy 0.25% Untrimmed 
Four Input Ranges (±2.5V, ±5V, 0 to -f 5V and 
Oto+IOV) 

Tri-State Latched Output Data 



HAS-1202/HAS-1202A 


12-Bit Resolution 
1.56p,s Conversion Time 
Conversion Rates to 641kHz 


SPECIFICATIONS - Min or Max at Ta = +25°C 




Relative 

Differential 

V 

Conversion 


Temp. 

Volume* 

ModeP 

Resolution 

Accuracy 

Nonlinearity^ 

Gain X.C. 

Time 

Logic 

Range^ 

Section 


Bits 

LSB 


ppni/®C 




Page 

AD375KD 

12 

1 

NMCOT 

25 

1000ns 

TTL 

C 

S-3-39 

HAS-1202 

12 

±1/2 

NMC 

60 

2860^.8 

TTL 

C 

S-3-379 

HAS-1202A 

12 

±1/2 

NMC 

60 

lS60p,s 

TTL 

C 

S-3-379 

HAS-1202M 

12 

±1/2 

NMC 

60 

2860p.s 

TTL 

I 

S-3-379 

HAS-1202AM 

12 

±1/2 

NMC 

60 

1560|xs 

TTL 

I 

S-3-379 

HAS-1202MB 

12 

±1/2 

NMC 

60 

2860(jis 

TTL 

E'^ 

S-3-379 

HAS-1202AMB 

12 

±1/2 

NMC 

60 

1560|xs 

TTL 

E^ 

S-3-379 


NOTES 

*No Suffix, Suffix “A”, “B”, - hermetic ceramic DIP; Suffix “D” - Ceramic DIP; Suffix “M” - metal DIP. 
^NMCOT - No missing codes over temperature; NMC - No missing codes. 

= 0 to + 70“C, I = - 25“C to + 85°C, E = - 55“C to + 125°C. 

'^-55“Cto + 100°C. 

*I = Volume 1 - Integrated Circuits; II = Volume 2 - Modules & Subsystems; S = This Volume. 
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Analog-to-Digital Converters 

High-Speed 



HAS-1201 

12-Bit Resolution 
IMHz Word Rate 
T/H and Timing Circuits 
Single Hybrid Package 



HAS-1204 

12-Bit Resolution 
500kHz Word Rate 
Internal Track-and-Hold 
Single 40-Pin DIP 


SPECIFICATIONS - Min or Max at Ta = +25V 




Relative 

Linearity 

Small 

Conversion 


Temp. 

Volume* 

ModeP 

Resolution 

Accuracy 

vs. Temp. 

Signal BW 

Rate 

Logic 

Range^ 

Section 


Bits 

%FS 

ppm/®C 

(3dB) 

MHz 



Page 

HAS-1201KM 

12 

0.0125 

10 

2 

1.05 

TTL 

C 

S-3-377 

HAS-1201SM(SMB) 

12 

0.0125 

10 

' 2 

1.00 

TTL 

P 

S-3-377 

HAS-1204BM 

12 

0.0125 

3 

7 

0.5 

TTL 

I 

S-3-381 

HAS-1204SM 

12 

0.0125 

3 

7 

0.5 

TTL 

E'^ 

S-3-381 


NOTES 

HO-Pin Metal DIPS. 

= 0 to + 70°C, I = - 25°C to + 85°C, E = - 55°C to + 125°C. 

^HAS-1201 SM/SMB will operate with derated performance over temperature range of — 55°C to + 100°C. 
'‘-55°Cto+100°C. 

*I = Volume 1 - Integrated Circuits; II = Volume 2 - Modules & Subsystems; S = This Volume. 


2-76 SELECTION GUIDES 










Video 



AD9000 

6-Bit, 75MHz Minimum Rates 
No T/H Required 
-55®Cto +125'’C Temperature 
Overflow Bit for Cascading 



CAV-0920 

9-Bit Resolution 
20MHz Word Rates 
Single 35-Inch^ Card 
ECL Compatible 
No External Support Circuits 



READY READY 


CAV-1040 

10-Bit Resolution 
40MHz Word Rates 
Single 35-Inch^ Card 
ECL Compatible 
No External Support Circuits 


SPECIFICATIONS - Min or Max at Ta = +25^C 




Relative 

Linearity 

Small 

Conversion 


Temp. 

Volume’^ 

ModeP 

Resolution 

Accuracy 

vs. Temp. 

Signal BW 

Rate 

Logic 

Range^ 

Section 


Bits 

%FS 

ppm/“C 

(3dB) 

MHz 



Page 

AD9000JD 

6 

0.04 

30 

25 

100 

ECL 

C 

1-10-167 

AD9000SD 

6 

0.04 

30 

25 

100 

ECL 

E 

1-10-167 

CAV-0920 

9 

0.1 

10 

30 

20 

ECL 

C 

11-11-39 

CAV-1040 

10 

0.05 

10 

30 

40 

ECL 

C 

S-4-9 


NOTES 

‘ AD9000 = 16-Pill ceramic DIP; CAV-0920 and CAV-1040 = 35-inch^ card. 

^C = 0 to + 70“C, E = - 55°C to + 125°C. 

= Volume 1 - Integrated Circuits; II = Volume 2 - Modules & Subsystems; S=This Volume. 
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Analog-to-Digital Converters 

Video . 



CAV-1202 

12-Bit Resolution 
2MHz Word Rates 
Single Eurocard Size 
TTL Compatible 
No External Support Circuits 




CAV-1210 

12-Bit Resolution 
lOIVIHz Word Rates 
Single SS-Inch^ Card 
ECL Compatible 
No External Support Circuits 


CAV-1220 

12-Bit Resolution 
20MHz Word Rates 
Single 35-Inch^ Card 
ECL Compatible 
No External Support Circuits 


SPECIFICATIONS - Min or Max at Ta = +25°C 




Relative 

Linearity 

Small 

Conversion 


Temp. 

Volume* 

ModeP 

Resolution 

Accuracy 

vs. Temp. 

Signal BW 

Rate 

Logic 

Range^ 

Section 


Bits 

%FS 

ppmfC 

(3dB) 

MHz 



Page 

CAV-1202 

12 

0.0122 

10 

5 

2 

TTL 

C 

S4-11 

CAV-1210 

12 

0.0125 

10 

35 

10 

ECL 

C 

11-11-45 

CAV-1220 

12 

0.0125 

10 

40 

20 

ECL 

C 

S-4-13 


NOTES 

*CAV-1202- Eurocard; CAV-1210 andCAV-1220-SS-inch^ card. 

2C = 0to+70‘’C. 

♦I=Volume 1 -Integrated Circuits; II=Volume 2 - Modules & Subsystems; S=This Volume. 
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MATV-0811 

8-Bit Resolution 
11 MHz Word Rates 
Complete with T/H 
Factory Repairable 


MATV-0816 

8-Blt Resolution 
16MHz Word Rates 
Complete with T/H 
Factory Repairable 



MATV-0820 

8-Bit Resolution 
20MHz Word Rates 
Complete with T/H 
Factory Repairable 


Ra and Re are determined by the analog input impedance 

AND ENCODE COMMAND INPUT IMPEDANCE, RESPECTIVELY. 


SPECIFICATIONS - Min or Max at Ta = +25‘’C 




Relative 

Linearity 

Small 

Conversion 


Temp. 

Volume* 

Model^ 

Resolution 

Accuracy 

vs. Temp. 

Signal BW 

Rate 

Logic 

Range^ 

Section 


Bits 

%FS 

ppm/^C 

(3dB) 

MHz 



Page 

MATV-0811 

8 

0.15 

100 

20 

11 

TTL 

C 

11-11-57 

MATV-0816 

8 

0.15 

100 

20 

16 

TTL 

C 

11-11-57 

MATV-0820 

8 

0.15 

100 

20 

20 

TTL 

C 

11-11-57 


NOTES 

‘AU units 5.5" X 4.38" X 0.85". 

2C = 0to+70°C. 

*1 = Volume 1-Integrated Circuits; 11 = Volume 2-Modules & Subsystems; S=This Volume. 
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Analog-to-Digital Converters 

ifideo 



MOD-1005 

10-Bit, 5MHz Word Rates 
Complete with T/H 
Single 27-Inch^ Card 
TTL Compatible 



MOD-1020 

10-Bit Resolution 
20MHz Word Rates 
Complete with T/H 
ECL Compatible 



NOTE: WITH PIN 30 OPEN, ANALOG INPUT IMPEOANCE IS 4000. WITH PIN 30 
GROUNDED, ANALOG IMPEDANCE IS 500. 


MOD-1205 

12-Bit Resolution 
5MHz Word Rates 
Built-In Track & Hold 
TTL Compatible 


SPECIFICATIONS - Min or Max at Ta = +25°C 


ModeP 

Resolution 

Relative 

Accuracy 

Lineality 
vs. Temp. 


Bits 

%FS 

ppin/®C 

MOD-1005 

10 

0.05 

5 

MOD-1020 

10 

0.05 

5 

MOD-1205 

12 

0.0125 

5 


Small 

Conversion 


Temp. 

Volume* 

Signal BW 
OdB) 

Rate 

MHz 

Logic 

Range^ 

Section 

Page 

20 

5 

TTL 

C 

11-11-61 

30 

20 

ECL 

C 

H-11-65 

15 

5 

TTL 

C 

11-11-69 


NOTES 

iMOD-1005 - 27-mch2 card; MOD-1020 and MOD-1205 - SS-inch^ card. 

2C = 0to+70‘’C. 

*I = Volume 1 - Integrated Circuits; II = Volume 2 - Modules & Subsystems; S=This Volume. 
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Voltage-to-Frequency Converters 



AD537 

Low Post A-D Conversion 
Versatile Input Amplifier 
Positive or Negative Voltage Modes 
Negative Current Mode 
High Input Impedance, Low Drift 
Single Supply, 5 to 36 Volts 
Linearity: ±0.05% FS 
Low Power: 1.2mA Quiescent Current 
Full Scale Frequency up to 100kHz 
1.00 Volt Reference 
Thermometer Output (ImV/K) 

F-V Applications 


AD650 

V/F Conversion to 1MHz 
Reliable Monolithic Construction 
Very Low Nonlinearity 
0.002% typ at 10kHz 
0.005% typ at 100kHz 
0.07% typ at 1MHz 
Input Offset Trimmable to Zero 
CMOS or TTL Compatible 
Unipolar, Bipolar, or Differential V/F 
V/F or F/V Conversion 


AD651 

Full-Scale Frequency (Up to 2MHz) Set by External 
System Clock 

No Critical External Components Required 
Extremeiy Low Linearity Error 
(0.005% max at 100kHz 
0.02% max at 2MHz) 

Low Drift (25ppm/*'C max) 

Dual or Single Supply Operation 
Voltage or Current Input 


SPECIFICATIONS - Min or Max at Ta = +25‘’C 


FuU 


ModeP 

Scale 

Frequency 

MHz 

lOkHz, 

lOOkHz, 

Nonlinearity 

250kHz, 500kHz, 

IMHz, 

22ViHz 

Logic 

Output 

Temp. 

Range^ 

Volume* 

Section 

Page 

AD537JH(JD) 

0.15 

0.15 

0.25 

_ 

_ 

- 

_ 

Symmetrical 

C/C 

1-11-7 

AD537KH(KD) 

0.15 

0.07 

0.1 

- 

- 

- 

- 

Symmetrical 

C/C 

1-11-7 

AD537SH(SD) 

0.15 

0.07 

0.1 

- 

- 

- 

- 

Symmetrical 

C/C 

1-11-7 

AD650JN(AD) 

1.0 

0.005 

0.02 

_ 

0.05 

- 

- 

Pulse 

C/I 

1-11-15 

AD650KN(BD) 

1.0 

0.005 

0.02 

- 

0.05 

0.1 

- 

Pulse 

C/I 

1-11-15 

AD650SD 

1.0 

0.005 

0.02 

- 

0.05 

0.1 

- 

Pulse 

E 

1-11-15 

AD651AQ(SQ) 

2.0 

_ 

0.02 

_ 

0.02 

0.02 

0.05 

Pulse 

I/E 

S-3-137 

AD651BQ 

2.0 

- 

0.005 

- 

0.005 

0.005 

0.02 

Pulse 

I 

S-3-137 


NOTES 

* Suffix “N” - plastic DIP; Suffix “D” - ceramic DIP; Suffix “H” - metal header. 

= 0 to + 70°C, I = - 25°C to + 85°C, E = - SSX to + 125‘’C. 

*I = Volume 1 - Integrated Circuits; II = Volume 2 - Modules & Subsystems; S = This Volume. 
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Voltage-to-Frequency Converters 



AD654 

Low Cost 

Single or Dual Supply, 5 to 36 Volts, ±5V to ±18V 
Full Scale Frequency Up to 500kHz 
Minimum Number of External Components Needed 
Versatile Input Amplifier 
Positive or Negative Voltage Modes 
Negative Current Mode 
High Input Impedance, Low Drift 
Low Power: 2.0mA Quiescent Current 
Low Offset: ImV 



ADVFC32 

High Linearity 

±0.01% max at 10kHz FS 
±0.05% max at 100kHz FS 
±0.2% max at 0.5MHz FS 
Output DTL/TTL/CMOS Compatible 
V/F or F/V Conversion 
6 Decade Dynamic Range 
Voltage or Current input 
Reliable Monolithic Construction 


SPECIFICATIONS - Min or Max at Ta = +25‘’C 


FiiU 

Scale Nonlinearity Logic Temp. Volume* 

ModeP Frequency at Ouq;>ut Range^ Section 



MHz 

lOkHz, 

lOOkHz, 

250kHz, 

500kHz, IMHz, 

2MHz 


Page 

AD654JN 

0.5 

- 

- 

0.1 

0.4 

- Symmetrical 

C 

S-3-153 

ADVFC32KN 

0.5 

0.01 

0.05 

- 

0.2 

Pulse 

C 

1-11-27 

ADVFC32BH 

0.5 

0.01 

0.05 


0.2 

Pulse 

I 

1-11-27 

ADVFC32SH 

0.5 

0.01 

0.05 

- 

0.2 

Pulse 

E 

1-11-27 


NOTES 

‘ Suffix “N”-plastic DIP; Suffix “H” - metal header. 

= 0 to + 70°C, I = - 25°C to + 85°C, E = - 55°C to + 125°C. 

*I = Volume 1 - Integrated Circuits; II = Volume 2 - Modules & Subsystems; S=This Volume. 
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458/460 

Model 458; Full Scale Output 100kHz 
Model 460: Full Scale Output 1MHz 
High Stability: Sppm/'O max. Model 458L 
15ppm/"C max. Model 460L 
High Linearity: ±0.01% max at 100kHz, Model 458 
±0.015% max at 1MHz, Model 460 
Versatility: Differential Input Stage 

Voltage and Current Inputs 
Floating Inputs: ±10V CMV 
Wide Dynamic Range: 6 Decades, Model 460 
TTL/DTL Compatible Output 
No External Components to Meet Rated 
Performance 


SPECIFICATIONS ~ Min or Max at Ta = +25°C 



Input 

Input 

Full Scale 

Nonlinearity 


Temp. 

Volume* 

Model 

Range 

Range 

Ou4>ut 

Error 

GainT.C. 

Range^ 

Section 


V 

mA 

kHz 

% 

ppm/“C 


Page 

458J 

o 

+1 

o 

o 

Oto +0.5 

100 

0.01 

20 

C 

11-12-13 

458K 

o 

+1 

s 

o 

Oto +0.5 

100 

0.01 

10 

C 

11-12-13 

458L 

0to±10 

Oto +0.5 

100 

0.01 

5 

C 

11-12-13 

460J 

o 

S 

1+ 

o 

Oto + 1 

1000 

0.015 

50 

C 

11-12-13 

460K 

0to±10 

Oto +1 

1000 

0.015 

25 

C 

11-12-13 

460L 

o 

+1 

o 

o 

Oto + 1 

1000 

0.015 

15 

C 

11-12-13 


NOTES 
‘C = 0to+70‘*C. 

= Volume 1 - Integrated Circuits; II = Volume 2 - Modules & Subsystems; S = This Volume, 
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Synchro, Resolver, Inductosyn* and LVDT-to-Digital Converters 


All of the products described below use the tracking conversion technique in which the digital output follows the synchro or resolver 
shaft automatically without the need for convert commands or wait loops. Apart from producing instantaneous angular data, this 
inherently ratiometric conversion method is also very tolerant of noise on the signal inputs as well as voltage drops between the 
transducer and the converter. Advantage can, therefore, be taken of the fact that angular data can be transmitted in analog format 
through noisy environments to a digital converter which may be a considerable distance away from the resolver, synchro or LVDT. 

Many of the hybrid products and all of the modular products contain internal transformer isolation and much use is made of custom 
integrated circuits. 

Applications for the products range from military and aerospace uses such as radar and sonar to industrial jobs such as robotics and 
CNC. Industrial applications have become very prominent in the last few years since it has been recognized that a brushless resolver 
and an R-to-D converter provide an imbeatable, cost effective and reliable method of obtaining an absolute digital representation of 
angular movement. 


Resolution 


Ouq)ut 

Input 

Accuracy 

Tracking Rate 
Options 

Reference Frequency 

Signallnput 

(Bits) 

Product 

Format^ 

Format^ 

(arc mins) 

(revs/sec)^ 

Options (Hz) 

Options (V rms) 

10 

ISIO 

BIN 

l,R 

±25 

360,680 

2.6k-►5k, 5k -►10k 

2.0 

10 

1S14 

BIN 

I,R 

±25 

680 

2k -►10k 

2.0 

10 

SDC/RDC1702 

BIN 

S,R 

±21 

5,36,75 

60,400,2.6k 

11.8,26,90 

10 

SDC/RDC1726 

BIN 

S,R 

±21 

5,36,50 

60,400,2.6k 

11.8,26,90 


12 

SDC/RDC1741 

BIN 

S,R 

±15.3 

18 

400,2.6k 

11.8,26,90 

12 

SDC/RDC1742 

BIN 

S,R 

±8.5 

18 

400,2.6k 

11.8,26,90 

12 

SDC/RDC1767 

BIN 

S,R 

±8.5 

36 

400,2.6k 

11.8,26,90 

12 

1S20 

BIN 

I,R 

±8.5 

50,90,170 

400-►2.6k, 2.6k -►5k, 5k ^ 10k 

2.0 

12 

1S24 

BIN 

I,R 

±8.5 

170 

2k-► 10k 

2.0 

12 

2S20 

BIN 

I,R 

±115 

100 

Ik-►10k 

2.5 

12 

SDC/RDC1700 

BIN 

S,R 



60,400,2.6k 

11.8,26,90 

12 

SDC/RDC1725 

BIN 

S,R 



60,400,2.6k 

11.8,26,90 

12 

IRDC1730 

BIN 

I,R 

±8.5 

68,87,170 

400,2.6k, 5k,10k 

2.5 

4000 

Counts 

IRDC1731 

Serial 

I,R 

±2 Counts 

100 

5k 

2-5 

12 

IRDC1732 

BIN 

I,R 

±21 

50,100 

400, Ik-►10k 

2.5 

12 

IRDC1733 

BIN 

I,R 

±8.5 

68,87,170 

400,2.6k, 5k,10k 

2.5 

14 

SDC/RDC1740 

BIN 

S,R 

±5.2 

12 

400,2.6k 

11.8,26,90 

14 

SDC/RDC1768 

BIN 

S,R 

±5.3 

12 

400,2.6k 

11.8,26,90 

14 

1S40 

BIN 

I,R 

±5.3 

12.5,22.5,42.5 

400-►2.6k, 2.6k-►5k, 5k -►lOk 

2.0 

14 

1S44 

BIN 

I,R 

±5.3 

42.5 

2k -►10k 

2.0 

14 

SDC/RDC1704 

BIN 

S,R 

±4 

1.4,12,25 

60,400,2.6k 

11.8,26,90 

14 

SBCD/RBCD1752 

BCD 

S,R 

±0.2° 

5,36,75 

60,400,2.6k 

11.8,26,90 

14 

SBCD/RBCD1753 

BCD 

S,R 

d 

+1 

5,36,75 

60,400,2.6k 

11.8,26,90 

14 

SBCD/RBCD1756 

BCD 

S,R 

±0.2° 

5,36,75 

60,400,2.6k 

11.8,26,90 

14 

SBCD/RBCD1757 

BCD 

S,R 

±0.2° 

5,36,75 

60,400,2.6k 

11.8,26,90 

16 

1S60 

BIN 

I,R 

±4.0, ±2.6® 

3,5.5,10.5 

400 -► 2.6k, 2.6k -►5k, 5k -►lOk 

2.0 

16 

1S61 

BIN 

I,R 

1+ 

© 

1+ 

3,5.5,10.5 

400-►2.6k, 2.6k ■►5k, 5k-►10k 

2.0 

16 

1S64 

BIN 

I,R 

±4.0, ±2.6^ 

10.5 

2k—►lOk 

2.0 

16 

SDC/RDC1711 

BIN 

S,R 

±1.3 

3 

400 

11.8,26,90 

16 

SDC/RDC1721 

BIN 

S,R 

±0.67 

3 

360-2.9k 

11.8,26,90 

16,14,12, 

,10* 1S74 

BIN 

I,R 

±2.6" 

680" 

2k-^10k 

2.0 

11 

2S50 

BIN 

LVDT 

0.1* 

200LSB/ns^ 

400, Ik ►! Ok 

2.5 


NOTES 

'BIN = Binary; BCD = Binary Coded Decinud; Serial = 4000 count serial output 
^S = Synchro; R = Resolver; I = Inductosyn. 

^Revs/sec equivalent to pitches/sec in the case of an Inductosyn; in general 
higher reference frequency options have higher tracking rates. 

‘'C = 0 to + yO-C; E = - 55“C to + 125 ^ 0 , MR = - SS'C to + lOS^C. 

’Consult Data Sheet. 


^Resolution is User Selectable. 

^Depends on Resolution Selected. 

*LVDT Converter Accuracy given as % Full Scale. 

’Slew Rate (min). 

^Inductosyn is a registered trademark of Farrand Industries, Inc. 
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Reference Input 
Options (V nns) 

2.0 

2.0 

11.8,26,115 

11.8,26,115 

Transformer 

I/P 

Isolation 

No 

No 

Yes 

Yes 

Package 

Type 

32-Pin Triple DIP 

40-Pm Triple DIP 

Module 

Module 

Operating 

Temperature 

(X/ 

C,E 

C,E 

C,MR 

C,MR 

Features 

High Tracking Rate with Velocity, Error, Ripply Carry and 

Direction Outputs. Latched Tri-State Output. Low Cost 

High Speed, Inductosyn/Resolver Converter with 

Tachogenerator Velocity Output 

Industry Standard Modular Converter 

Tri-State, Latched Output 

11.8,26,115 

Yes 

32-Pin Triple DIP 

C,E 

Tri-State, Latched Output Internal Transformer Isolation 

11.8,26,115 

Yes 

32-Pin Triple DIP 

C,E 

Tri-State, Latched Output Internal Transformer Isolation 

11.8,26,115 

Yes 

32-Pin Triple DIP 

C,E 

Tri-State, Latched Output High Tracking Rate. Error Output Velocity 
Output. Internal Transformer Isolation 

2.0 

No 

32-Pin Triple DIP 

C,E 

High Tracking Rate with Velocity, Error, Ripple Carry and 

Direction Outputs. Latched, Tri-State Output. Low Cost 

2.0 

No 

40-Pin Triple DIP 

C,E 

High Speed, Inductosyn/Resolver Converter with 

Tachogenei^ator Velocity Output 

2.5 

No 

32-Pin Triple DIP 

C 

Low Cost, High Speed, Inductosyn/Resolver Converter 

11.8,26,115 

Yes 

Module 

C,MR 

Industry Standard Modular Converter 

11.8,26,115 

Yes 

Module 

C,MR 

Tri-State, Latched Output 

2.5 

Yes 

Module 

C,MR 

High Speed, Inductosyn/Resolver Converter 

2.5 

Yes 

Module 

C,MR 

High Speed, Serial Output, Inductosyn/Resolver Converter 

2.5 

No 

32-Pin Triple DIP 

C,E 

Low Cost, High Speed, Inductosyn/Resolver Converter 

2.5 

Yes 

Module 

C,MR 

As IRDC1730 But No dc Velocity Output 

11.8,26,115 

Yes 

32-Pin Triple DIP 

C,E 

Tri-State, Latched Output Internal Transformer Isolation 

11.8,26,115 

Yes 

32-Pin Triple DIP 

C,E 

Tri-State, Latched Output, Error and Velocity Outputs. 

Internal Transformer Isolation. 

2.0 

No 

32-Pin Triple DIP 

C,E 

High Tracking Rate with Velocity, Error, Ripple Carry and 

Direction Outputs. Latched, Tri-State Output. Low Cost 

2.0 

No 

40-Pin Triple DIP 

C,E 

High Speed, Inductosyn/Resolver Converter with 

Tachogenerator Velocity Output 

11.8,26,115 

Yes 

Module 

C,MR 

Industry Standard Modular Converter 

11.8,26,115 

Yes 

Module 

C,MR 

± 180.0° BCD Output 

11.8,26,115 

Yes 

Module 

C,MR 

0 to 360° BCD Output 

11.8,26,115 

Yes 

Module 

C,MR 

± 180° BCD Output. + 15V and + 5V dc Power Supply 

11.8,26,115 

Yes 

Module 

C,MR 

0 to 360° BCD Output. + 15V and + 5V dc Power Supply 

2.0 

No 

32-Pin Triple DIP 

C,E 

High Tacking Rate with Velocity, Error, Ripple Carry and 

Direction Outputs. Latched, Tri-State Output. Low Cost 

2.0 

No 

32-Pin Triple DIP 

C,E 

Lower Accuracy Version of 1S60. Low Cost 

2.0 

No 

40-Pin Triple DIP 

C,E 

High Speed, Inductosyn/Resolver Converter with 

Tachogenerator Velocity Output 

11.8,26,115 

Yes 

Module 

C,MR 

Low Profile Modular, 16-Bit Convener 

11.8,26,115 

Yes 

Module 

C,MR 

Modular 16-Bit Converter 

2.0 

No 

40-Pin Triple DIP 

C,E 

High Speed, Inductosyn/Resolver Converter with 

Tachogenerator Velocity Output and User Selectable Resolution 

2.5 

No 

32-Pin Triple DIP 

C,E 

Direct Conversion of LVDT Signal, No External Trims 

Required, Tri-State Output 
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Digital-to-Synchro and Resolver Converters 


In addition to the traditional industry standard modular digital-to-s 5 mchro and resolver converters, Analog Devices manufacture 
the DRC1745 and DRC1746. These hybrid converters feature internal 2VA power amplifiers, latched inputs, optional TransZorb* 
protection on the outputs and the facility of using a pulsating power supply for greatly reduced power dissipation. These products 
modulate an ac or dc reference voltage by the sine and cosine of an input digital angle. Along with the DRC1765 and DRC1766, 
which are similar but have no power output stage, these products can be used for a variety of applications including digital-to-synchro 
and resolver conversion and PPI waveform generation. 


Resolution 

(Bits) 


Reference 

Input Output Accuracy Load Driving Frequency 

Product Format* Format^ (arc mins) Capability Options (Hz) 


Reference 
Input Voltage 
Options (Vrms) 


Signal 

Output Voltage 
Options (Vrms) 


DSC/DRC1706 

12 

BIN 

S,R 

±8 

1.3VA 

60,400 

11.8,26,115 

» 11,8,26,90 

DTM1717 

12 

BIN 

R 

±3 

5mA 

dc-^8000 

0-^7 

0-^7 

DSC/DRC1705 

14 

BIN 

S,R 

±4 

1.3VA 

60,400 

11.8,26,115 

11.8,26,90 

DTM1716 

14 

BIN 

R 

±3 

5mA 

dc-^8000 

0-^7 

0-^7 

DRC1745 

14 

BIN** 

R 

±2, ±4* 

2.0VA* 

dc ->.2600 

0->.3.4 

0^6.8 

DRC1765 

14 

BIN^ 

R 

±2, ±4'^ 

4.3mA 

dc -►2600 

0-^3.4 

0-^6.8 

DRC1746 

16 

BIN*' 

R 

±2, ±4* 

2.0VA* 

dc—^2600 

0->.3.4 

0->-6.8 

DRC1766 

16 

BIN"* 

R 

±2, ±4^ 

4.3mA 

dc->.2600 

0-*-3.4 

0-^6.8 

NOTES 
'BIN = Binary. 

= Synchro; R 

= Resolver. 

E 

= 0to+70°C;MR = 
= -55Xto + 125°C 

-55°Cto + 105''C; 

^wo byte latched input, CMOS or 
depending on option. 

low power Schottky 


Transformers 


Input transformers are of two types. Reference and Signal. Reference transformers are used to isolate the reference input to 
either a digital-to-resolver or a resolver-to-digital converter. Signal transformers are used to isolate the signal inputs to a resolver-to- 
digital converter. 

Output transformers can be used with the digital-to-resolver converter products to provide an isolated synchro or resolver output. 
Converters without a power output stage will require the SPA1695 amplifier. All the modules except for the STM/RTM1683 
contain an input reference transformer. 


INPUT TRANSFORMERS 

Frequency 

Accuracy 


Input Voltage 
Options 

Package 

Package 

Size 

Product 

Description 

(Hz) 

(arc mins) 


(Vrms)^ 

Type 

Inches (mm) 

STM 1680 

Ref isolation for DRC1745 and 
DRC1746 

400 

N/A 


11.8,26,11.5 

Module 

1.12x1.12x0.4 

(28.5x28.5x10.2) 

5S72 

Ref isolation for 1S14/24/44/64/74 
and lSlO/20/40/60/61 

360 to 

3000 

N/A 


11.8,26,11.5 

Module 

1.12x1.12x0.4 

(28.5x28.5x10.2) 

5S70 Signal input for 1S14/24/44/64/74 

and IS 10/20/40/60/61 

OUTPUT TRANSFORMERS 

360 to 

3000 

Frequency 

±0.33(typ) 
± 1.5 (max) 

Accuracy 

Power 

Handling 

11.8,26,90 

Output Voltage 
Options 

Module 

Package 

2.25x1.12x0.4 
(57.0x28.5x 10.2) 

Package 

Size 

Product 

Description 

(Hz) 

(arc mins) 

(VA) 

(Vrms)^ 

Type 

Inches (mm) 

STM/RTM1679 

Output and ref for 60Hz DSC 1705 
and DSC 1706 Options. 

60 

±2.0 

1.3 

11.8,26,90 

Module 

4.5 X 2.0 X 1.5 
(114.3x50.8x38.1) 

STM/RTM1681 

Output and ref for DRC 1745 and 
DRC1746 

400 

±2.5(0) 

1.4VA 

2.0 

11.8,26,90 

Module 

3.125x1.5x1.0 

(79.4x38.1x25.4) 

STM/RTM1683 

Output for DRC1745 and 

DRC 1746 

400 

±2.5@ 

1.4VA 

2.0 

11.8,26,90 

Module 

2.25x1.13x0.4 

(57.1x28.7x10.2) 

STM/RTM1686 

Output and ref for 400Hz 

DRCl 765/1766 or DTM1716/1717 
and SPA 1695 

400 

±2.4 

5.0 

11.8,90 

Module 

4.5x2.0xl.5 

(114.3x50.8x38.1) 

STM1687 

Output and ref set for 60Hz 
DRC1765/1766, DTM1716/1717 
and SPA 1695 

60 

±2.4 

5.0 

90 

Three Trans¬ 
former set 

See individual 
data sheet. 

STM/RTM1696 

Output and ref for 400Hz 
DRC1705/1706, and and SPA1695 
combination 

400 

±2.4 

5.0 

11.8,90 

Module 

4.5X2.0X1.5 

(114.3x50.8x38.1) 

STM1697 Output and ref set for 60Hz 60 ±2.4 

DRC1705/1706andSPA1695 
combination 

NOTE 

'Synchro and resolver format available on all models except STM1687 and STM1697. 

5.0 

90 

Three Trans- See individual 
former set data sheet. 
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Transformer Output Package 

Isolation Type 

Int. on400Hz Options. Use Module 
STM 1679 on 6OH2 Options. 

No Module 


Operating 

Temperature 

("C)^ ' Features 

C, MR Industry Standard Modular Converter 

C, MR Digital Vector Generator. Dc or ac Sin and Cos outputs. Used as 

D to S/R with Ext Amp, e.g., SPA 1695 or for Display Applications. 


Int. on 4OOH2 Options. Use 

ST M1679 on 60Hz Options. 
No 

Use Ext. STM 1681 
orSTMI683T ransformer 
No 

Module 

Module 

40-Pin Triple DIP 

32-Pin Triple DIP 

C,MR 

C,MR 

E 

E 

Industry Standard Modular Converter 

14-Bit Version of DTM1717 

Digital-to-Resolver Converter with Int. 2VA Power Amplifier. 

Optional Int. TransZorb Protection. 2 Byte Latched Inputs. 

Hybrid Digital Vector Generator. Dc or ac Sin and Cos Outputs Can be Used 
for (PPI) Display or with Ext. Amp (e.g., SPA1695) for D to S/R Conversion. 

UseExt. STM1681 

40-Pin Triple DIP 

E 

16-Bit Version of DRC1745 

or STM1683 Transformer 




No 

32-Pin Triple DIP 

E 

16-Bit Version of DRC1765 


’Depends on option. “Can be used with pulsating power supply *T ransZorb is a tradenuu-k of General Semiconductor Industries, Inc. 

for reduced dissipation. 


Inductosyn Ancillary Products 

These oscillators and pre-amps are used with linear and rotary Inductosyns. 




Package 

Package 

Size 

Operating 

Temperature 

Product 

Description 

Type 

Inches (mm) 

CO* 

IPA1751 

High gain pre-amp (sine and cos) to amplify Inductosyn slider or stator 
voltages to converter levels. 

Module 

2.0 X 2.0 X 0.4 
(50.8x50.8x10.2) 

C,MR 

OSC1754 

Drive oscillator for Inductosyn track or rotor. lOkHz. 5VA. 

Module 

3.125x2.625x 1.0 
(79.4x66.7x25.4) 

C,MR 

OSC1758 

Drive oscillator for Inductosyn track or rotor. 1.5 VA. 

Hybrid IC 

0.98x0.78x0.18 

(24.9x19.8x4.6) 

E 

IPA1764 

High gain pre-amp (sin and cos) to amplify Inductosyn slider or stator 
voltages to converter levels. 

Hybrid IC 

0.98x0.78x0.18 

(24.9x19.8x4.6) 

E 


NOTES 

'C = Oto +70°C;MR = -55°Cto +105'’C;E = -SS'Cto +125"C. 


Instruments and Systems 

Dimensions 

Product Description Inches (nun) 

API1620 Angle position indicator. Accepts synchro, magslip or resolver information and displays angular position in 11.75 x 8 x4 

degrees/fractionstoonearc-minuteaccuracy.DigitalO/Ponrearconnector. (300 x 204x 102) 

API1718 NATO codified version of API1620. (Code 6625-99-539-8389) degrees/minutcs instead of degrees fractions. 11.75 x 8 x4 

(300 X 204 X 102) 

MCI1794 Threcchannclresolver-to-digitalconverterboard.IntelMULTlBUS*Compatible. Uses3lRDC1730and 6.25 x 12.00 

includes 24-bit pitch counter for each chaimel. (171.5 x 304.8) 


NOTE 

‘MULTIBUS is a trademark of Intel Corporation. 

Special Functions 

These products provide additional interfacing capability to positional control and readout systems. 


Product 

Description 

Package 

Type 

Package 

Size 

Inches (mm) 

Operating 

Temperature 

(«C)‘ 

TSL1612 

Combines the coarse and fine digital outputs of a two speed synchro or 

Module 

3.125x2.625x0.4 

C,MR 

BDM1615/1616 

resolver system into a single composite digital word. Standard ratios 
of 9:1,18:1,36:1. Other ratios available. 

Binary angle to BCD inverters. BDM161514-bits I/P, degrees/fractions 

Module 

(79.4 x 66.7x10.2) 

4.0X2.0X0.4 

C,MR 

BDM1617 

0/P. BDM161614-bit, I/P, degrees/mihs O/P. 

Binary angle to BCD converter. 16-bit input, degrees/fractions output. 

Module 

(101.6x51.0x10.2) 

3.125x2.625x0.8 

C,MR 

SSCT1621 

Solid state control transformer. Give ac difference between 

Module 

(79.4x66.7x20.4) 

3.125x2.625x0.8 

C,MR 

SCDX1623 

synchro or resolver input and digital angle. 

Solid state control differential transmitter gives resolver format difference 

Module 

(79.4x66.7x20.4) 

3.125x2.625x0.8 

C,MR 

SPA1695 

between synchro or resolver input and digital angle. 

Two channel (sine and cos) power amp. 5VA. 

Die Cast 

(79.4 x 66.7 x 20.4) 
3.46x2.68x0.98 

MR 

SAC1763 

Synchro or resolver input to dc linear output converter. 

Metal Case 
Module 

(88.0x68.0x25.0) 

3.125x2.625x0.8 

C,MR 

NOTE 

’C = 0 to +70‘’C; MR 

. = -SS'Cto+105°C. 


(79.4x66.7x20.4) 
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High-Speed DSP and Numerical Processing Components 


Analog Devices offers the industry’s most complete family of 
CMOS IC’s for high-performance digital signal/numerical pro¬ 
cessors. Fabricated in 1.5 micron CMOS, this new generation of 
VLSI devices provides all the key functional elements required 
to build high-speed, math-intensive processors. The family 
consists of fixed point multipliers and multiplier/accumulators, 
floating point processors, a program sequencer, and an address 
generator. 

The ADSP product family is designed to optimize system per¬ 
formance. ADSP products support a system cycle time of lOMHz 
(much more for some components). Powerful on-chip operations 
expand system functionality and flexibility - saving processing 
time and hardware. A wide range of data formats allows the 
designer to optimize system precision and throughput. 

ADSP components reduce the cost and improve the reliability 
of systems. Functions which previously required many discrete 
components have been integrated into a few VLSI chips - yielding 
a substantial savings in board space. With a small number of 
CMOS components, power supply and cooling requirements are 
reduced. The low operating temperature of CMOS components 
provides increased reliability relative to bipolar components 
which run hotter due to much greater power dissipation. All 
ADSP components are available processed fully to MIL-STD- 
883B, Rev C, and can be safely specified for operation over 
their extended temperature range ( —55°C to 4- 125®C ambient). 


ADSP PRODUCT FAMILY 



ADSP-1401 10-Bit Program Sequencer 

ADSP-1410 16-Bit Cascadable Address Generator 

ADSP-1101 16-Bit Integer Arithmetic Unit 

Floating Point Processors 

ADSP-3210 64-Bit IEEE Floating Point Multiplier 

ADSP-3220 64-Bit IEEE Floating Point ALU 


Fixed Point Multipliers 


ADSP-1080A 

ADSP-1081A 

ADSP-1012A 

ADSP-1016A 

ADSP-1516 

ADSP-1102 

ADSP-1517 

ADSP-1103 

ADSP-1024A 


8-Bit Multiplier (twos complement only) 
8-Bit Multiplier (unsigned only) 

12-Bit Multiplier 
16-Bit Multiplier 
16-Bit Multiplier 
16-Bit Pipelined Multiplier 
16-Bit Multiplier 
16-Bit Pipelined Multiplier 
24-Bit Multiplier 


Fixed Point Multiplier/Accumulators 


ADSP-1008A 

ADSP-1009A 

ADSP-lOlOA 

ADSP-lllOA 


8-Bit Multiplier/Accumulator 

12-Bit Multiplier/Accumulator 

16-Bit Multiplier/Accumulator 

16-Bit Single-port Multiplier/Accumulator 
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Sample/Track Hold Amplifiers 


General Purpose 


SUMMING PT 


NULL 

NULL 

+16V 

-15V 

CONTROL 

LOGIC 

INPUT 

LOGIC GND 



AD346 

Fast 2.0|jis Acquisition Time to ±0.01% 

Low Droop Rate: 0.5mV/ms 
Low Offset 
Low Glitch: <40mV 
Aperture Jitter: 400ps 

Extended Temperature Range: -55X to +125X 
Internal Hold Capacitor 


LOGIC 



ANALOG 

IN 


NULL NULL +15V 



-15V MODE ANALOG EXT. 

CONTROL COMMON C 


AD585 

Fast 2.5|jis Acquisition Time to ±0.01% 

Low Droop Rate: 0.5mV/ms 
Low Offset: ImV 
Sample/Hold Offset Step: ImV 
Aperture Jitter: 0.5ns 

Extended Temperature Range: -55“C to +125'’C 
Internal Hold Capacitor 

APPLICATIONS 
Data Acquisition Systems 
Data Distribution Systems 
Analog Delay & Storage 
Peak Amplitude Measurements 


ADSHC-85 

Improved SHC-85 Replacement 
500ns Sample-to-Hold Transient 
50|xV rms Noise 
Low Droop Rate of 0.2mV/ms 


SPECIFICATIONS - Min or Max at Ta = +25°C 



Open Loop 

Gain 

Acquisition 

Aperture 

Aperture 

Droop 

Temp. 

Volume* 

Model^ 

Gain 

Bandwidth 

Time (to 0.01%) 

Time 

Uncertainty 

Rate 

Range^ 

Section 


V/V 

MHz 

ps 

ns 

ns 



Page 

AD346JD 

-1 

1.4 

2.0 

60 

0.4 

0.5mV/|xs 

C 

1-14-11 

AD346SD 

-1 

1.4 

2.0 

60 

0.4 

0.5mV/|xs 

E 

1-14-11 

ADSHC-85 

+ 1 

3.0 

4.5 

25 

0.5 

0.2mV/ms 

C 

1-14-37 

ADSHC-85ET 

+ 1 

3.0 

4.5 

25 

0.5 

0.2mV/ms 

E 

1-14-37 

AD585AQ 

200,000 

2.0 

3.0 

35 

0.5 

ImV/ms 

I 

S-3-93 

AD585SQ 

200,000 

2.0 

3.0 

35 

0.5 

ImV/ms 

E 

S-3-93 


NOTES 

‘Suffix “D” - ceramic DIP; Suffix “Q” - cerdip. 

=0 to + 70°C, I = - 25®C to + 85°C, E = - 55°C to + 125°C. 

*I = Volume 1 - Integrated Circuits; II = Volume 2 - Modules & Subsystems; S == This Volume. 
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Sample/Track-Hold Amplifiers 

High Resolution 


SUMMING PT 



ANALOG 

OUTPUT 


ANALOG 

GND 


AD389 

Companion to High Resolution A/D Converters 
Fast Acquisition Time; 2.5fjis to ±0.003% 

Low Droop Rate: O.lpV/ps 
Aperture Jitter: 400ps 
Internal Hold Capacitor 
Unity Gain Inverter 
Low Power Dissipation: 300mW 


ANALOG 

-15V GROUND +15V 



SHA1144 

High Resolution 14-Bit Sample-and-Hoid Amplifier 

± 10V Range 

50ns Aperture Delay 

0.5ns Aperture Jitter 

Acquisition Time: 6p,s to ±0.003% 

6ps Settling Time 
±0.001% Max Gain Linearity Error 
Complete with Input Buffer: No External 
Components Required to Meet Rated Performance 


SPECIFICATIONS - Min or Max at Ta = +25°C 



Open Loop 

Gain 

Acquisition 

Aperture 

Aperture 

Droop 

Temp. 

Volume* 

ModcP 

Gain 

Bandwidth 

Time (0.01%) 

Time 

Uncertainty 

Rate 

Range^ 

Section 


V/V 

MHz 

ps 

ns 

ns 

pV/ps 


Page 

AD389KD 

-1 

1.5 

2.5^ 

30 

0.4 

0.1 

C 

1-14-17 

AD389BD 

-1 

1.5 

2.5' 

30 

0.4 

0.1 

I 

1-14-17 

SHA1144 

+ 1 

Ityp 

8 

50 

0.5 

2 

C 

11-14-15 


NOTES 

^Suffix “D” - ceramic DIP. 

=0 to + 70X, I = - 25°C to + 85°C. 

^Accuracy to ±0.003%. 

*I = Volume 1 - Integrated Circuits; II = Volume 2 - Modules & Subsystems; S = This Volume. 
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High Speed 



ANALOG -15V MODE ANALOG N/C EXT. OUTPUT 

IN CONTROL COMMON C 


N/C = NO CONNECTION I__I 

INTERNALLY OPTIONAL EXTERNAL C 


ADSHC-85 

Improved ADSHC-85 Replacement 
500ns Sample-to-Hold Time 
SOpV rms Noise 
Low Droop Rate 



ADSHM-5/ADSHM-5K 

Improved SHM-5 Replacement 
350ns Acquisition Time to ±0.01% 
Aperture Uncertainty 250ps 
250V/ps Slew Rate 
2nA Input Bias Current 



N/C = NO CONNECTION INTERNALLY 


CASE IS GROUNDED 


HTC-0500 

700ns Acquisition Time 
<750mW Power Dissipation 
14-Pin DIP 
0.01% Linearity 


SPECIFICATIONS - Min or Max at Ta = +25‘’C 



Open 

Small 

Acquisition 

Aperture 

Aperture 

Droop 

Temp. 

Volume^ 

ModeP 

Loop Gain 

Signal BW 

Time-ns 

Time 

Jitter 

Rate 

Range^ 

Section 


V/V 

MHz 

(0.01%) 

ns 

ps 

pV/ps 


Page 

ADSHC-85 

+ 1 

3 

4500 

25 

500 

0.2 

C 

1-14-37 

ADSHC-85ET 

+ 1 

3 

4500 

25 

500 

0.2 

E 

1-14-37 

ADSHM-5 

-1 

5 

1000 

20 

250 

20 

C 

11-14-11 

ADSHM-5K 

-1 

12 

300 

20 

100 

12 

C 

11-14-11 

HTC-0500AM 

-1 

2 

850 

30 

60 

0.5 

I 

11-14-41 

HTC-0500SM 

-1 

2 

850 

30 

60 

0.5 

E 

11-14-41 


NOTES 

^ ADSHM-5 units are 2" x 2" x 0.4" modules; ADSHC-85 and HTC-0500 units are 14-pin DIP. 

^C = 0 to + 70°C, I = - 25°C to + 85°C, E = - 55°C to + 125°C. 

= Volume 1 - Integrated Circuits; II = Volume 2 - Modules & Subsystems; S=This Volume. 
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Sample/Track-Hold Amplifiers 

Ultra High Speed 



HTC-0300 

Aperture Jitter of lOOps 
Input Range ±10V 
Output Current ±50mA 
Max Droop Rate 5pV/ps 



HTS-0025 

Aperture Jitter of 20ps 
Acquisition Time 25ns 
Output Current ±50mA 
250V/ps Slew Rate 



AUXILIARY 

HOLD 


ANALOG 

OUTPUT 


ANALOG 

GROUND 

ANALOG 

GROUND 


HTS-0010 

Aperture Jitter of 5ps 
Acquisition Time 10ns 
Output Current ±40mA 
Slew Rate 300V/ps 


SPECIFICATIONS - Min or Max at Ta = +25^C 



Open 

Small 

Acquisition 

Aperture 

Aperture 

Slew 

Temp. 

Volume* 

ModeP 

Loop Gain 

Signal BW 

Time-ns 

Time 

Jitter 

Rate 

Range^ 

Section 


\/y 

MHz 

(0.1%) 

ns 

ps 

V/ps 


Page 

HTC-0300 

-1 

8 

170 

6 

100 

250 

C 

1-14-41 

HTC-0300A 

-1 

8 

150 

6 

100 

260 

C 

1-14-41 

HTC-0300M 

-1 

8 

150 

6 

100 

250 

I^ 

1-14-41 

HTC-0300AM 

-1 

8 

150 

6 

100 

250 

E 

1-14-41 

HTS-0025 

+ 0.95 

30 

30 

5 

20 

250 

C 

1-14-55 

HTS-0025SM 

+ 0.95 

30 

30 

5 

20 

250 


1-14-55 

HTS-OOIOKD 

+ 0.96 

60 

16 

-2 

5 

300 

C 

1-14-49 

HTS-OOIOSD 

+ 0.96 

60 

16 

-2 

5 

300 

I^ 

1-14-49 


NOTES 

‘Metal DIP-HTC-0300M, HTC-0300AM, HTS-0010 and HTS-0025; Ceramic DIP- HTC-0300 and HTC-0300A. 
^C = 0 to + 70“C, E = - 55°C to + 125“C. 

^I=-25°Cto + 100“C. 

♦I = Volume 1-Integrated Circuits; 11=Volume 2-Modules & Subsystems; S=ThisVoliune. 
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Data Acquisition Subsystems 





SPECIFICATIONS - Min or Max at Ta = + 25X 


AD362 

16 Single-Ended or 8 Differential Channels with 
Switchable Mode Control 
True 12-Bit Precision: Nonlinearity <±0.005% 
High Speed: lOps Acquisition Time to 0.01% 
Complete and Calibrated: No Additional Parts 
Required 

Small, Reliable: 32-Pin Hermetic Metal DIP 
Versatile: Simple Interface to Popular Analog-to- 
Digital Converters 

High Differential Input Impedance (lO^^H) and 
Common-Mode Rejection (80dB) 

Fully Protected Multiplexer Inputs 

AD363 


Complete System in Reliable 1C Form 
Small Size 

16 Single-Ended or 8 Differential Channels 
with Switchable Mode Control 
Versatile Input/Output/Control Format 
Short-Cycle Capability 

True 12-Bit Operation: Nonlinearity <±0.012% 
Guaranteed No Missing Codes Over Temperature 
Range 

High Throughput Rate: 30kHz 
Low Power: 1.7W 

AD364 

Complete Data Acquisition System in 2-Package 
1C Form 

Full 8- or 16-Bit Microprocessor Bus interface 
16 Single-Ended or 8 Differential Channels with 
Switchable Mode Control 
True 12-Bit Operation: Nonlinearity <±0.012% 
Guaranteed No Missing Codes Over Specified 
Temperature Range 
High Throughput Rate: 20kHz 
Fast Successive Approximation Conversion: 25|jis 
Buried Zener Reference for Long-Term Stablility and 
Low Gain TC 

Small Size: Requires Only 2.8 Square Inches 
Short Cycle Capability 
Low Power: 1.4W 




Input 




Throughput 

Temp. 

Volume* 

ModeF 

Resolution 

Bits 

Range 

V 

Linearity 

% 

Gain Error 

% 

GainT.C. 

ppm/®C 

Rate 

kHz 

Range^ 

Section 

Page 

AD362KD^ 

_ 

±10 

0.005 

0.02 

4 

56 

C 

1-15-5 

AD362SD^ 


±10 

0.005 

0.02 

2 

56 

E 

1-15-5 

AD363KD 

12 

+ 5,+10, 

±2.5, ±5, ±10 

0.025 

0.05 

30 

25 

C 

1-15-13 

AD363SD 

12 

+ 5,+10, 

±2.5, ±5, ±10 

0.025 

0.05 

25 

25 

E 

1-15-13 

AD364JD(SD) 

12 

+ 10, 

±5, ±10 

0.024 

0.3 

54 

20 

C/E 

M5-25 

AD364KD(TD) 

12 

+ 10, 

±5, ±10 

0.012 

0.3 

31 

20 

C/E 

1-15-25 


NOTES 

^Suffix “D” - ceramic DIP. 

= 0 to + 70X, E == - 55°C to + 125°C. 

^Analog front end for ADC, including sample-hold, 16-channel MUX, latches and logic. 

*I = Volume 1 - Integrated Circuits; II = Volume 2 -Modules & Subsystems; S = This Volume. 
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Data Acquisition Subsystems 


GAIN 

SELECT 



AD367 

Differential Input - Programmable Gain Amplifier 

6-Bit (1 of 64) Gain Control 

Internal ~ 10V Reference 

15-Bit Integral Nonlinearity 

±305pV Resolution 

10ms or Programmable Conversion Time 
External Integration Capacitor 



AD369 

Includes; Programmable Gain Instrumentation 
Amplifier, Track and Hold Amplifier 
12-Bit A/D Converter 
Digitally-Controlled Gain (1,10, 100, 500) 

50kHz Throughput Rate 

Small Size: 28-Pin Metal Hermetic Double DIP 

Guaranteed No Missing Codes Over Temperature 

True 12-Bit Linear: Error =^1/2LSB (B-Grade) 

Unipolar or Bipolar Operation 

Low Power: 775mW 

Differential Input 

Internal Hold Capacitor 


SPECIFICATIONS 

- Min or Max at Ta 

= +25'^C 



Temp. 

Volume* 

ModeP 

Linearity 

Gain Ranges 

Gain Accuracy 

Gain Drift 

Range^ 

Section 


% 


% 

pptbPC. 


Page 

AD367KM 

0.00305 

0.282 to 24 Binarily 

2 

10 

C 

S-3-27 

AD369AM 

0.0183 

1,10,100,500 

0.5 

30 

I 

S-3-29 

AD369BM 

0.0122 

1,10,100,500 

0.2 

30 

I 

S-3-29 


NOTES 

‘Suffix “M”-metal DIP. 

= 0 to + 70°C, I = - 25°C to + 85°C. 

*I = Volume 1 - Integrated Circuits; II = Volume 2 - Modules & Subsystems; S = This Volume. 
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Data Acquisition Subsystems 




DAS1128 

Complete Data Acquisition System 
12-Bit Digital Output 
16 Single or 8 Differential Analog Inputs 
High Throughput Rate 
Selectable Analog Input Ranges 
Versatile Input/Output/Control Format 
Low 3 Watt Power Dissipation 
Small 3 'x4.rx0.375'' Module 


DAS1152/DAS1153 

14-Bit & 15-Bit Sampling A/D Converter 
Complete with High Accuracy Sample/Hold and 
A/D Converter 

Differential Nonlinearity: ±0.002% FSR max 
(DAS1153) 

Nonlinearity: DAS1152: ±0.005% FSR max 
DAS1153: ±0.003% FSR max 
Low Differential Nonlinearity T.C.: ±2ppm/X max 
High Throughput Rate: 25kHz min (DASH52) 

High Feedthrough Rejection: 96dB 
Byte-Selectable Tri-State Buffered Outputs 
Internal Gain & Offset Potentiometers 
Improved Second Source to A/D/A/M 824 and 
A/D/A/M 825 Modules 



DAS1155/DAS1156 

14-Bit & 15-Bit Low Level Data Acquisition System 
Functionally Complete: 

Includes Instrumentation Amplifier, Sample/Hold 
Amplifier, and Analog-to-Digital Converter 
Differential Nonlinearity: ±0.002% FSR max 
(DAS1156) 

Guaranteed Nonlinearity: ±0.005% FSR (DAS1155) 
±0.003% FSR (DAS1156) 
High Common-Mode Rejection: 80dB 
(up to 500Hz) 

High Feedthrough Rejection: 96dB 
Resistor Programmable Gain: 1V/V to 1000V/V 
Byte Selectable Tri-State Buffer Outputs 
Internal Gain and Offset Potentiometers 


SPECIFICATIONS - Min or Max at Ta = 

+ 25"C 






Relative 

Differential 



Output 

Temp. 

Volume* 

Model 

Resolution Accuracy 

Nonlinearity 

GainT.C. 

Throughput 

Logic 

Range’ 

Section 


Bits LSB 

LSB 

ppni/”C 

kHz 



Page 

DAS 1128 

12 1/2 typ 

Ityp 

20 

50 

DTL&TTL 

C 

II-15-5 

DAS1152 

14 1 

1/2 

8 

25 

TTL 

C 

11-15-13 

DAS1155 

14 1 

1/2 

16 typ 

25 

TTL 

C 

11-15-17 

DAS1153 

15 1 

1/2 

8 

20 

TTL 

C 

11-15-13 

DAS1156 

15 1 

1/2 

16 typ 

20 

TTL 

C 

11-15-17 


NOTES 
'C = 0to+'7«°C. 

*1 = Volume 1-Integrated Circuits; 11 = Volume 2-Modules & Subsystems; S = This Volume. 


2-96 SELECTION GUIDES 















RRRnnRRR 


CMOS Switches 
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ADG201A/ADG202A 

44V Supply Maximum Rating 
±15V Analog Signal Range 
Low Ron (60fl typ) 

Low Power Dissipation (18mW) 
TTL/CMOS Compatible 
Superior Second Source: 

ADG201A Replaces DG201A, HI-201 
ADG202A Replaces DG202 



ADG221/ADG222 

44V Supply Maximum Rating 
±15V Analog Signal Range 
Low Ron (600 typ) 

Low Power Dissipation (18mW) 
(jkP, TTL, CMOS Compatible 
Superior DG221 Replacement 


SPECIFICATIONS - Min or Max at Ta = -l-25‘’C 





Off 


Temp. 

Volume^ 

ModeP 

Function 

Ron 

Leakage 

Logic 

Range^ 

Section 



a 

nA 



Page 

ADG201AKN 


90 

2 

C 

TTL& 

S-3-327 

ADG201ABQ 

QuadSPST 

90 

2 

I 

CMOS 

S-3-327 

ADG201ATQ 


90 

1 

E 


S-3-327 

ADG202AKN 

QuadSPST 

90 

2 

C 

TTL& 

S-3-327 

ADG202ABQ 


90 

2 

I 

CMOS 

S-3-327 

ADG202ATQ 


90 

1 

E 


S-3-327 

ADG221KN(BQ) 

QuadSPST 

90 

2 

C/I 

TTL& 

S-3-333 

ADG221TQ 


90 

I 

E 

CMOS 

S-3-333 

ADG222KN(BQ) 

QuadSPST 

90 

2 

ai 

TTL& 

S-3-333 

ADG222TQ 


90 

1 

E 

CMOS 

S-3-333 


NOTES 

* Suffix “N” - plastic DIP; Suffix “Q” - cerdip. 

2C = 0 to + 70°C, I = - 25°C to + 85°C, E = - 55°C to + 125°C. 

^Dielectrically isolated features latchup-free overvoltage proof operation. 

= Volume 1 - Integrated Circuits; II=Volume 2 - Modules & Subsystems; S = This Volume. 
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CMOS Switches 



AD7510DI/AD7511DI 

Latch-Proof 

Overvoltage-Proof: ±25V 

Low Ron’ 750 

Low Dissipation: 3mW 

TTiyCMOS Direct Interface 

Monolithic Dielectrically-Isolated CMOS 


VssQI 

GNPfT* 

Ainr 

A2rr 

Aafs" 

A4[6^ 
WrI 7 
ypofT" 



LATCH 

--t: 

— 



"" 



— 

> "n 

--H 


AD7590DI 1 



AD7590DI/AD7591Di 

Latch-Proof 

Overvoltage-Proof: ±25V 

Low Ron* 750 

Buffered Switch Logic 

TTL, CMOS Compatible 

Monolithic Dielectrically-Isolated CMOS 

Pin Compatible with AD7510DI Series 


SPECIFICATIONS 

- Min or Max at Ta = 

+ 25°C 

Off 


Temp. 

Volume^ 

ModeP 

Function 

Ron 

Leakage 

Logic 

Range^ 

Section 



a 

nA 



Price 

AD7510DIJN(JD) 

QuadSPST 


5 

CMOS 

C/I 

1-16-13 

AD7510DIKN(KD) 

Note 3 

100 

5 

TTL/CMOS 

C/I 

1-16-13 

AD7510DISD 



3 

TTL/CMOS 

E 

1-16-13 

AD7511DIJN(JD) 

QuadSPST 


5 

CMOS 

C/I 

1-16-13 

AD7511DIKN(KD) 

Note 3 

100 

5 

TTL/CMOS 

C/I 

1-16-13 

AD7511DISD 



3 

CMOS 

E 

1-16-13 

AD7511DITD 



3 

TTL/CMOS 

E 

1-16-13 

AD7590DIKN 

QuadSPST 

90 

5 

TTL/CMOS 

C 

1-16-21 

AD7590DIBD 

with Data 

90 

5 

TTL/CMOS 

I 

1-16-21 

AD7591DIKN 

Latches 

90 

5 

TTL/CMOS 

C 

1-16-21 

AD7591DIBD 


90 

5 

TTL/CMOS 

I 

1-16-21 


NOTES 

^Suffix “N” - plastic DIP; Suffix “D” - ceramicDIP. 

=0 to + 70°C, I = - 25°C to 4- 85°C, E = - SS^C to + 125°C. 

^Dielectrically isolated features latchup-free overvoltage proof operation. 

*I = Volume 1 - Integrated Circuits; II = Volume 2 - Modules & Subsystems; S = This Volume. 
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AD7512DI 

Latch-Proof 

Overvoltage-Proof: ±25V 

Low Ron* 75fl 

Low Dissipation: 3mW 

TTL/CMOS Direct Interface 

Monolithic Dielectrically-Isolated CMOS 


vssnr 

GNOfT 

aiH" 

A2[T 

NC|X 

wmCE 

VddCl 






SI 

■pDoUTI 

12182 

TTIsa 

lo1oUT2 

Usa 

P^NC 


AD7592Di 

Latch-Proof 

Overvoltage-Proof: ±25V 

Low Ron: 750 

Buffered Switch Logic 

pP, TTL, CMOS Compatible 

Monolithic Dielectrically-Isolated CMOS 

Pin Compatible with AD7510DI Series 


SPECIFICATIONS - Min or Max at Ta = +25‘’C 


Model^ 



Off 

Output 


Temp. 

Volume* 

Function 

Ron 

Leakage 

Leakage 

Logic 

Range^ 

Section 



n 

nA 

nA 



Page 

AD7512DIJN(JD) 

DualSPDT 


5 

15 

CMOS 

C/I 

I-16-1S 

AD7512DIKN(KD) 

Notes 

100 

5 

15 

TTL&CMOS 

C/I 

I-16-1S 

AD7512DISD 



S 

9 

CMOS 

E 

I-16-1S 

AD75I2DITD 



S 

9 

TTL&CMOS 

E 

I-16-1S 

AD7592DIKN 

DualSPDT 

90 

5 

10 

TTL&CMOS 

C 

1-16-21 

AD7592DIBD 

with Data 

90 

5 

10 

TTL&CMOS 

I 

1-16-21 


Notes 


NOTES 

^Suffix “N” - plastic DIP; Suffix “D” - ceramic DIP. 

= 0 to + 70“C, I = - 25°C to + 85°C, E = - 55°C to + 125°C. 

^Dielectrically isolated features latchup-free overvoltage proof operation. 

’^I = Volume 1 - Integrated Circuits; II = Volume 2 - Modules & Subsystems; S = This Volume. 
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Multiplexers 


A1 


EN 


S6 

S5 



AD7501/AD7503 

DTL/TTL/CMOS Direct Interface 
Power Dissipation: SOpW 
Ron* 1700 
Output Enable 
AD7503 Replaces HI-1818 



AD7502 

DTL/TTL/CMOS Direct Interface 
Power Dissipation: SOpW 
Ron* 1700 

Output "Enable" Control 


SPECIFICATIONS - Min or Max at Ta = + 25‘‘C 


ModeP 

Function 

Ron 

O 

AD7501JN(JD) 

AD7501KN(KD) 

AD7501SD 

8-Channel 

300 

AD7502JNaD) 

Dual 


AD7502KN(KD) 

4-Channel 

300 

AD7502SD 

AD7503JN(JD) 

(differential) 


AD7503KN(KD) 

AD7503SD 

8-Channel 

300 

NOTES 

‘Suffix “N”-plastic DIP; Suffix' 

“D” - ceramic DIP. 


X = 0 to + 70°C, I = - 25°C to + 85°C, E = - 55°C to + 125°C. 


Off 


Temp. 

Volume^ 

Leakage 

Logic 

Range^ 

Section 

nA 



Page 

10 

CMOS 

C/I 

1-16-5 

10 

TTL&CMOS 

C/I 

1-16-5 

5 

TTL&CMOS 

E 

1-16-5 

5 

CMOS 

C/I 

1-16-5 

5 

TTL&CMOS 

C/I 

1-16-5 

3 

TTL&CMOS 

E 

1-16-5 

10 

CMOS 

C/I 

1-16-5 

10 

TTL&CMOS 

C/I 

1-16-5 

5 

TTL&CMOS 

E 

1-16-5 
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AD7506 

Ron* 30011 

Power Dissipation: 1.5mW 
TTL/DTL/CMOS Direct Interface 
Break-Before-Make Switching 
Replaces DG506 



AD7507 

Ron* 30011 

Power Dissipation: I.SmW 
TTL/DTUCMOS Direct Interface 
Break-Before-Make Switching 
Replaces DG507 


SPECIFICATIONS - Min or Max at Ta = +25°C 





Off 


Temp. 

Volume* 

ModeP 

Function 

Ron 

Leakage 

Logic 

Range^ 

Section 



H 

nA 



Page 

AD7506JN(JD) 


450 

20 

CMOS 

C/I 

1-16-9 

AD7506KN(KD) 

16-Channel 

450 

20 

TTL/CMOS 

C/I 

1-16-9 

AD7506SD 


400 

10 

CMOS 

E 

1-16-9 

AD7506TD 


400 

10 

TTL/CMOS 

E 

1-16-9 

AD7507JN(JD) 

Dual 

450 

10 

CMOS 

C/I 

1-16-9 

AD7507KN(KD) 

8-Channel 

450 

10 

TTL/CMOS 

C/I 

1-16-9 

AD7507SD 

(differential) 

400 

5 

CMOS 

E 

1-16-9 

AD7507TD 


400 

5 

TTL/CMOS 

E 

1-16-9 


NOTES 

* Suffix “N” - plastic DIP; Suffix “D” - ceramic DIP. 

= 0 to + 70“C, I = - 25°C to + 85°C, E = - 55°C to + IZS^C. 

*I = Volume 1 - Integrated Circuits; II = Volume 2 - Modules & Subsystems; S = This Volume. 
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Digital Panel Instruments 



' Case depth includes mating connector. All logic powered DPMs use industry standard case with 3.175" X 1.810" 
(80.65 X 45.97mm) cutout. All ac-powered DPMs except AD2006 use industry standard case with 3.930" X 1.682" 
(99.82 X 42.72mm) cutout. AD2006 uses same case as logic powered DPMs. 

*I=:Volume 1—Integrated Circuits; II=Volume 2—Modules & Subsystems; S=This Volume. 
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^ Full scale inputs when reading out in dB are 500mV, 5V, 50V, 500V and 625V rms. 

“Case depth includes mating connector. All logic powered DPMs use industry standard case with 3.175" X 1.810" 
(80.65 X 45.97mm) cutout. All ac-powered DPMs except AD2006 use industry standard case with 3.930" X 1.682" 
(99.82 X 42.72mm) cutout. AD2006 uses same case as logic powered DPMs. 

*I=Volume 1—Integrated Circuits; II=Volume 2—Modules & Subsystems; S=This Volume. 
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Digital Panel Instruments 



’AC line-operated versions. 

*I=Volume 1-Integrated Circuits; II=Volume 2—Modules & Subsystems; S=This Volume. ■ 
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|jiC Compatible Analog and Digital I/O Subsystems 

IBM/PC/XT/AT Compatible I/O Boards 



The RTI-800 Series products are a group of analog and digital 
input/output boards compatible with the IBM PC/XT/AT* (or 
equivalent) computers. They are cost-effective and easy-to-use 
solutions to your real-time measurement or data acquisition and 
control applications and include optional signal conditioning and 
MS-DOS software. This allows you to get up and running fast 
when you interface your PC to the real (i.e., analog and digital) 
world. 

RTI-800 HIGH PERFORMANCE ANALOG INPUT 
BOARD 


RTI-817 LOW COST DIGITAL I/O BOARD 

• 24 Channels of Digital Input/Output 

• Input Latches and Selectable Strobe 

• Interrupt on Change of State 

• Compatible to Solid State Relay Subsystem 


• 16 Input Channels (expandable to 32) 

• Software Programmable Gain Amplifier 

• 12-Bit A/D Converter 

• 8, 12 and 25fjLS A/D Conversion Times 

• 16 Digital I/O Channels 

• 3 Frequency/Timer Channels 

• Supports DMA and Interrupt Capability 


3B SERIES ANALOG SIGNAL CONDITIONING I/O 
SUBSYSTEM 

• Complete Modular Analog I/O Signal Conditioning 

• Direct Sensor Interface: 

Thermocouples, RTD’s, Strain Gages, LVDT’s 

• Provides Isolation and Input Protection 

• Cable Connection to RTI-800 Series Boards 


RTI.815 HIGH PERFORMANCE MULTIFUNCTION 
BOARD 

• 16 Analog Input Channels (expandable to 32) 

• Software Programmable Gain Amplifier 

• 12-Bit A/D Converter 

• 8, 12 and 25|xs A/D Conversion Times 

• 2 Analog Output Channels 

• 12-Bit D/A Converter 

• 16 Digital I/O Channels 

• 3 Frequency/Timer Channels 

• Supports DMA and Interrupt Capability 

RTI-802 HIGH PERFORMANCE ANALOG OUTPUT 
BOARD 

• 4 or 8 Analog Output Channels 

• 12-Bit D/A Resolution 

• Outputs Protected Against Shorts 


MS-DOS DRIVER SOFTWARE 

• Drivers for BASIC, Pascal, FORTRAN and Lattice C 

• Turbo Pascal Software Tools 

• Calibration Routines 

Convenient and powerful software interface routines running 
under MS-DOS that support the RTI-800 Series products. 
These callable machine language routines provide analog and 
digital I/O, frequency and event cotmting, and pulse output 
functions. 

APPLICATION SOFTWARE 

Completely menu driven data acquisition and control software 
which provides an easy way to collect and analyze in real time, 
analog data along with implementing PID or setpoint control. 

*IBM PC/XT/AT is a trademark of International Business Machines, Inc. 


IBM/PC/XT/AT COMPATIBLE ANALOG AND DIGITAL I/O BOARDS 


Model 

Analog 

Input 

Analog 

Output 

Digital 

I/O 

Counter/ 

Timer 

High 

Speed 

Option 

Channel 

Expansion 

Option 

RTI-800 

X 


X 

X 

X 

X 

RTI-802 


X 





RTI-815 

X 

X 

X 

X 

X 

X 

RTI-817 



X 





RTI-800 Series Function Chart 
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fjiC Compatible Analog and Digital I/O Subsystems 

VME, MULTIBUS and STD Bus CompaUble I/O Boards 



SELECTION GUIDE 

The Selection Guide provides selection information in capsule 
form, permitting board types to be matched to desired features. 
Additional information and complete specifications are provided 
on the individual boards or family data sheets. 



NOTES 

'RTI-1200, RTI-1230, RTI-1240, RTM250 series products not listed, but still available. 

^This product includes sensor signal conditioning and on-board intelligence to perform 
scaling, linearization, and conversion to engineering units. 

’MULTIBUS is a trademark of Intel Corporation. 

* Volume 1 - Integrated Circuits; 11 = Volume 2 - Modules & Subsystems; S = This Volume. 
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lJi.MAC-4000 Measurement & Control Subsystems 


FEATURES 
Analog Inputs 

Thermocouples, RTDs, Strain Gages, AD590s 
High and Low Level Voltages, Current Loops 
± 1000V Isolated and Nonisolated 
Analog Outputs 
Voltage and Current 

± 1000V Isolated and Nonisolated 
Digital Inputs/Outputs 
Contact Closures 

ac and dc Signals (High and Low Level) 
Microcomputer Based 

Linearization, Unit Conversion, Limit Checking 
Powerful Command Set 
Serial Communications 
20mA or RS-232C 
Integral Power Supply 
ac or + 24V dc 

GENERAL DESCRIPTION 

The fjLMAC-4000 Measurement and Control System is a complete, 
low cost solution designed to simplify process to computer interface 
in a wide range of industrial automation applications. 

The |ulMAC- 4000 offers an unprecedented set of hardware and 
software capabilities that can be easily tailored to virtually any 
automation application. Modular design permits expansion within 
the system and the flexibility to accept a variety of analog and 
digital input and output functions. 

The |jlMAC-4000 is optimized for high performance measurement 
and control. Analog inputs handling capability offers reliable 
operation in harsh, electrically noisy, industrial environments. 
The high performance is assured by high quality signal condi¬ 
tioning featuring input protection, ± lOOOV channel-to-channel 
and input-to-output isolation, high common mode rejection, 
filtering, low drift amplification and 13-bit A/D conversion. A 
unique plug-in module approach allows the selection of standard 
signal conditioning modules for direct connection to a wide 
range of sensors. The |jlMAC-4000 scales, linearizes and converts 
the input data to engineering units. 

Both analog and digital control capability is provided by the 
|xMAC-4000 system. Analog outputs feature 12-bit resolution, 
voltage and 4-20mA/0-20mA current outputs with ± lOOOV 
isolation, as well as increment/decrement and bumpless transfer 
for precise control in either manual or computer mode. Digital 
I/O offers direct interface to contact closures, TTL levels or 
high level ac and dc voltages. 

The |xMAC-4000 system is designed to operate with any host 
computer which has a 20mA or RS-232C serial port. The jxMAC- 
4000 can be either used as a local front end or located up to 
10,000 feet from the host. A powerful command set is included 
in the |jlMAC’s firmware which allows control via the serial 
interface bus. Once the command is executed, the results are 
transmitted back to the host in an ASCII format-at speeds up to 
9600 baud. 



The |xMAC-4000 system requires either ac line power or + 24V 
dc. Circuitry is provided to detect intermittent ac power losses 
and switch automatically to an external battery backup mode. 

A wide variety of packaging options are available to match user 
requirements. These options include single board enclosures, 
card cage/rack mounting or NEMA enclosures. 

APPLICATIONS 

The |xMAC-4000 is a versatile, self-contained measurement and 
control system designed for a broad range of industrial and 
laboratory applications. It is extremely useful in both control 
room and remote locations where monitoring and control of 
temperature, pressure, flow, analog and digital signals are 
required. 

DESIGN FEATURES AND USER BENEFITS 
Ease of Use: Direct sensor interface via screw terminal connectors, 
output in engineering units, powerful command set, make the 
fxMAC-4000 extremely easy to use. 

Integral Signal Conditioning: High quality signal conditioning 
provides input protection and isolation, cold junction compensa¬ 
tion for thermocouples, RTD excitation, and sensor linearization 
and scaling, eliminating the need for expensive external signal 
conditioning. 

High Noise Rejection: The |xMAC-4000 preserves high system 
accuracy in electrically noisy environments, providing excellent 
common mode and normal mode noise rejections and RFI/EMI 
immunity. 

Control Capability: Analog and digital outputs are provided 
to control motor speeds, dictate valve positions and drive 
actuators. 

Features such as isolation, bumpless transfer and DAC readback 
are included in the design. 

Expandability: Expansion capability to 384 analog input channels, 
256 analog output channels, 1088 digital inputs and 1088 digital 
outputs on one 20mA serial line using the |jlMAC- 4000 with 
expander boards. 
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lJi.MAC-4000 Measurement & Control Subsystems 


|iMA04000 

uiMAC-4010/4015 



Expander 


INPUT/OUTPUT 
Analog Inputs 

Thermocouples: J, K, T, S 

RTDs: lOOn Platinum 

Solid State Temperature Sensors: 

AD590 or AC2626 
Strain Gage Transducers: 

± 30mV and ± lOOmV spans 
dc Voltage: ±25mV, ±50mV5 
±100mV, ±1V, ±5V, ±10V 
dc Current: 4 to 20mA, 

0 to ± 1mA, 0 to ±20mA 
Common Mode Voltage: ± lOOOV pk 
(chan/chan/gnd)-isolated input modules 
Input Protection: 130V rms con¬ 
tinuous IEEE-472 (SWC) transient 
A/D Converter: 13-Bit Dual Slope 
Scan Rate: 15 or 30 chan/sec 
Analog Outputs 

Voltage: ± 5V, ± lOV 0 to ± 15V, 

0 to ± lOV 

Current: 4 to 20mA, 0 to 20mA 
Resolution: 12-Bits 
Isolation: ± lOOOV pk (chan/ 
chan/gnd)-current outputs 
Output Protection: 130V rms 
Digital Inputs 

Compatibility: TTL signals or 


|jlMAC- 4000 System Configuration 

The plMAC- 4000 system consists of a 
family of boards providing the measurement 
and control functions through interfaces to 
analog and digital inputs and outputs and 
the host computer. 

The system includes: the p-MAC-4000 
Master Board, the pMAC-4010 Analog 
Input Expander, the pMAC-4030 Analog 
Output Expander, the pMAC-4040 Digital 
I/O Expander, and the pMAC-4020 High 
Level Digital I/O Subsystem. You select 
only the functions which are required. 

A typical configuration can consist of a 
single pMAC-4000 Master Board which 
accepts 4, 8 or 12 analog inputs and includes 
8 digital inputs and 8 digital outputs. A 
multiple board configuration (cluster) 
consists of one pMAC-4000 Master Board 
and up to six Expander Boards selected in 
any combination from up to three pMAC- 
4010’s and/or )xMAC-4015’s, up to four 
pMAC-4030’s and up to four fxMAC-4040’s. 
A pMAC-4000 Master Board must reside 
in each cluster since it contains the com¬ 
munications and intelligence. 

fjLMAC-4000 System Specifications 

contact closures and )jlMAC- 4020 
for high level inputs 
Isolation: ±300V pk 
Digital Outputs 
Compatibility: TTL signal and 
pMAC-4020 for high level outputs 
Channel Capacity per Board 
PlMAC- 4000 and jjlMAC-4010 
12 Analog Inputs 
8 Digital Inputs 
8 Digital Outputs 
pMAC-4015 
12 Analog Inputs 
pMAC-4030 
8 Analog Outputs 
pMAC-4040 
32 Digital Inputs 
32 Digital Outputs 
|jlMAC-4020 

16 High Level Digital Inputs and 
Outputs 

Capacity per Cluster 
48 Analog Inputs 
32 Analog Outputs 
152 Digital Inputs 
152 Digital Outputs 
Total System Capacity 
8 addressable clusters on 



one serial communication port 
COMMUNICATIONS 
Mode: 4 wire full duplex 
20mA current loop or RS-232C 
Format: Serial Asynchronous ASCII 
Rate: Selectable from 110 to 9600 baud 
Distance: RS-232C: 50 ft (15m) 

20mA, 10,000 ft (3048m) 

Protocol: Command/Reply (prompted) 

POWER 

100/115/220/240V ac, 50/60Hz 
or +24V dc 
MECHANICAL 
Single Board: 9.5" x 13" 

(241.3 X 330.2mm) 

4-Slot Card Cage: 14.8" x 11.2" x 10.3" 

(376.0 X 284.5 X 261.6mm) 
7-Slot Card Cage: (15.75" x 19" x 11" 

(400.0 X 482.6 X 279.4mm) 
ENVIRONMENTAL 
Operating Temperature: 0 to +60°C 
Humidity: meets MIL-STD 202, 

Method 103 

Vibration: meets MIL-STD 167-1 
Magnetic Field Immunity: 200 gauss 
RFI Immunity: 5W @27MHz @3 ft. 
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|jiMAC-5000 Measurement & Control System 


FEATURES/BENEFITS 

Low Cost, Completely Integrated Measurement and 
Control System On a Single Board 

• Wide Selection of Functionally Complete Analog 
and Digital I/O 

• Operates from ac or dc Power 

Integral Signal Conditioning Allows Direct Connection 
to a Wide Variety of Signal Sources 

• Sensors: Thermocouples, RTDs, Strain Gages, 
Load Cells, AD590/AC2626 

• Millivolt and Voltage Sources 

• 4>20mA/0-20mA Process Current Inputs 

• Counter or Pulse Inputs Provide for Frequency or 
Event Counting 

Powerful Measurement and Control pMACBASIC^ 
Language 

• Programs Developed and Run On Board 

• Analog and Digital I/O Are Performed By Key 
Words In BASIC 

• Program Storage in PROM or Battery Backed-Up 
RAM 

Advanced p,MACBASIC Features 

• Functions and Procedures Allow User Defined 
Key Words 

• Advanced Block Structures Allow Modular, Self- 
Documenting Programs 

Powerful Communications Capabilities 

• Supports Communications in RS-232C, 20mA, 
RS-422 and RS-423 

• Supports Asynchronous Communications 

• Protocol Emulation Easily Accomplished with 
pMACBASIC 

GENERAL DESCRIPTION 

The |xMAC-5000 Measurement and Control System is a com¬ 
plete, low cost solution designed to solve a broad range of 
industrial measurement and control problems. It can be used 
in applications reqi^fing distributed intelligence or as a local 
front end. 

The fjuMAC-SOOO offers an unprecedented set of hardware 
and software capabilities that can be easily tailored to virtually 
any measurement and control application. Modular design 
permits expansion within the system and the flexibility to 
accept a variety of analog and digital input and output functions. 
A powerful Measurement and Control BASIC language, jjlMAC- 
BASIC, is provided with each product. 

The |xMAC-5000 is optimized for high performance measure¬ 
ment and control. Analog input handling capability offers 
reliable operation in harsh, electrically noisy, industrial envi¬ 
ronments. The high performance is assured by high quality 
signal conditioning featuring input protection, ± lOOOV chan- 
nel-to-channel and input-to-output isolation, high common 
mode noise rejection, filtering, low drift amplification and 14- 
bit A/D conversion (13 bits + sign). A unique plug-in module 
approach allows the selection of standard signal conditioning 

IJiMACBASIC is a trademark of Analog Devices, Inc. 



modules for direct connection to a wide range of sensors. The 
|xMAC-5000 scales, linearizes and converts the input data to 
engineering units. 


Both analog and digital control capability are provided by the 
p.MAC-5000 system. Analog outputs, provided by the jjlMAC- 
4030 Analog Output Expander, feature 12-bit resolution, 
voltage and 4-20mA/0-20mA current outputs with ± lOOOV 
isolation, as well as the capability of either auto or manual 
operation with bumpless transfer and programmable slew 
rate. 

Analog outputs are also available directly on the jxMAC-SOOO, 
using the QMXAO output module, for a single board input 
and output solution. Digital I/O offers direct interface to 
contact closures, TTL levels or high level ac and dc voltages. 
Two pulse accumulator or frequency inputs are available on 
the p,MAC-5000 and both have a 32-bit counter and operate 
over a 0 to 20kHz frequency range. 

The |jlMAC- 5000 board is designed to operate efficiently in 
stand-alone applications. The |xMAC-5000, which has two 
serial ports, can be used with any host computer. The local 
port can communicate in RS-232C, RS-422, or RS-423 and 
can be used for program development or for supporting a 
local printer or terminal. The remote port supports RS-232C, 
20mA, RS-422, and RS-423. In supervisory control applications, 
the |xMAC-5000 can be used either as a local front end or 
located up to 10,000 feet from a host and can operate at 
speeds up to 19.2K baud in asynchronous mode. 

The ixMACBASIC language was designed to address the 
needs of both the experienced and inexperienced programmers. 
The language provides the less experienced programmer with 
a powerful version of the popular BASIC programming language 
which allows programmers with only a fundamental knowledge 
of BASIC to easily write programs. ixMACBASIC also provides 
the experienced programmer with a truly modular, structured 
language which simplifies the task of writing larger, more 
complex programs and provides higher quality programs. 
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SYSTEM CONFIGURATION 

A single board system configuration consists of one |xMAC-5000 
Programmable Master Board which accepts 4, 8, or 12 analog 
inputs and includes 8 digital inputs and 8 digital outputs. Two 
of the digital inputs can optionally be used as pulse accumulators 
or frequency inputs. 

A multiple board configuration (cluster) consists of one |xMAC- 
5000 programmable Master Board and up to six Expander Boards. 
The |xMAC-4000 Series of expander products provides a wide 
range of analog and digital I/O capability and a cost effective 
solution to large point applications (see Table I). A p,MAC-5000 
must reside in each cluster since it contains the communications 
capability and intelligence. A network using up to 16 clusters in 
a multidrop configuration allows your host computer to monitor 
and control up to 1344 analog or 4864 digital points or varying 
combinations of both types from a single 20mA or RS-422 com¬ 
munications line. 

COMMUNICATIONS 

The |xMAC-5000 System is designed to operate in stand-alone 
applications and can communicate with any host computer or 
terminal that has a 20mA, RS-232C, RS-422, or RS-423 port. 
The fxMAC-5000 has two serial communication ports. Both 
ports have 256 byte RAM-buffers. A full duplex US ART is 
used to receive and transmit data at selectable baud rates. The 
|xMAC-5000’s serial link allows use of either a party line 
(Figure 1) or radial system configuration. 

The local communications port is primarily used for program 
development and will support RS-232C, RS-422, and RS-423. It 
can also be used to support a printer or terminal in a run time 
environment. This port is capable of communicating from 150 
to 19.2K baud in an asynchronous mode. The local port caii be 
used in either a full duplex or half duplex mode and can be 
used in a party line configuration when RS-422 is used. 

The remote communication port supports RS-232C, 20mA, RS- 
422 and RS-423. In the asynchronous mode, it can operate from 
110 to 19.2K baud. This port can be used in either a full duplex 
or half duplex mode and can be used in either a party line or 
radial configuration. The remote port has control hnes (RTS, 
DCD, DTR, and CTS) which allow connection to a modem for 
long distance communications. The 20mA loop is optically coupled 
for harsh industrial environments. 


Model 

|xMAC-4010 

^jlMAC-4015 

^,MAC-4030 


HlMAC-4040 


Function 

-Analog input 
-Digital I/O 

-Isolated 
analog input 

-8 channels 
analog output 


-Digital I/O 


|xMAC-4050 -Multi¬ 

function 
digital I/O 
-8 channels, 
mixed 
function 

p.MAC-4020 -Interface 

subsystem to 
high level 
ac and dc 
voltages and 
currents 


Description 

-Up to 12 channels 
using QMX modules 
-16 channels 
digital I/O 
-Low cost, 12 
channels of same 
input type 
-1500V isolation 
-Voltage or 
isolated 4-20mA 
outputs 

-Readback, bumpless 
transfer 
-32 channels 
isolated 
digital inputs 
-32 channels 
digital outputs 
(TTL) 

-Pulse accumulator 
input 

-Frequency input 
-Pulse output 
-Time proportional 
output, 

-Solid state relay 
subsystem 
16 channels, mix 
of input and 
output functions 


Table I. fiMAC Series Expander Boards 
(See Data Sheet) 



Figure 7. Party Line Connection (Multidrop) 
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SPECIFICATIONS 
fjiMAC-5000 Board Features 
Analog Inputs 

12 channels, mix and match 
Thermocouples: J,K,T,S,R,E,B,W (linearized) 

RTD: lOOn Platinum (linearized) 

Strain Gage: 30mV and lOOmV spans 

DC Voltage: 25mV to lOV 

Process Currents: 0-lmA, 4-20mA, 0-20mA 

Inputs Selectable by 4-channel QMX module—3 per board 

QMX03, 04 modules isolated to lOOOV channel-to-channel, 

input-to-output with IEEE-472 (SWC) transient 

protection 

A/D Converter: 14-bit integrating 

Analog Outputs 

Up to 6 outputs using the new QMXAO module 
QMX input and output modules can be mixed 
Each QMXAO provides 2 isolated channels of current 
or voltage output (1000 volts isolation) 

12-bit D/A output resolution 

Can be used for programmable excitation 

Digital I/O 

8 channels isolated digital or contact closure inputs 
8 channels digital outputs 

Connector-compatible with p.MAC-4020 high-level solid-state 
relay subsystem 

Pulse Inputs (optional use of two digital inputs) 

2 channels of frequency or pulse accumulator inputs 
32 bits pulse accumulation: 20kHz max frequency 

Two Communication Ports. 

Full/half duplex, XontXoff 
256 byte RAM buffered; asynchronous 
Selectable baud rate: 110 to 19,200 baud 
Distance: 20mA-10,000 ft. (3048m) 

RS-232--50 ft. (15m) 

RS422—10,000 ft. (3045m) 

RS423—1,000 ft. (305m) 

8088-Based Microcomputer 
32K RAM - expandable to 128K 
80K PROM 

16K user EPROM - expandable to 32K 
Power 

On-board ac power supply: 100V/115V/220V/240V or +24V dc 
(used as primary power or back-up to ac line) 

Environmental 

Operating Temperature: 0 to +60°C 
Humidity: meets MIL-STD 202, method 103 
Vibration: meeds MIL-STD 167-1 
Magnetic Field Immunity: 200 gauss 
RFI Inmiunity: 5W @ 27MHz @ 3 feet 

Mechanical 

mMAC- 5000 Board: 9.5" x 13"(241.3 x 330.2mm) 

|xMAC-5000 Board Enclosure: 

9.2" X 14.3" X 3"(234.2 x 363.2 x 76.2mm) 

2-Board Enclosure: 10" x 15" x 6"(254.0 x 381.0 x 152.4mm) 
4-Board Card Cage: 

14.8" X 11.2" X 10.3"(376.0 x 284.5 x 261.6mm) 

7-Board Card Cage: 15.75" x 19" x 11"(400.0 x 482.6 x 279.4mm) 


jjlMAC-5000 APPLICATIONS 

Industrial Process Control and Monitoring: Temperature, 
pressure, flow and digital I/O measurements, and PID loop 
control are readily performed on the |ulMAC- 5000 in stand-alone 
applications. fiMACBASIC allows for the creation of proprietary 
algorithms that can be hidden from the end user. 

Machine/Boiler/Fumace Control: High immunity to electrical 
noise, lOOOV isolation, 60°C operation, and single board packaging 
provide highly reliable operation in harsh industrial environments. 
The p.MAC-5000 is an ideal replacement for programmable 
controllers where analog I/O is required in addition to digital 
I/O. 

Remote Terminal Units for data acquisition and control in pipe 
line, utilities and oil field applications. |jlM AC-5000 can readily 
emulate existing protocols with ijlMACBASIC and is readily 
integrated into applications requiring distributed intelligence. 
|xMAC- 5000 can also be used with modems in remote 
applications. 

Energy Management: The |xMAC-5000 is a low cost solution 
for applications requiring a high degree of I/O flexibility in 
distributed monitoring and control applications - making it a 
natural for energy management applications. 

Industrial, Government or University R&D: |xMAC-5000’s 
broad functionality, low cost and ease of use make it the logical 
choice for monitoring or controlling experiments or pilot plants 
in a lab environment. Programs can be developed and edited 
with a dumb terminal and stored in battery backed-up RAM or 
PROM. 

Personal Computers as Data Loggers: The |xMAC-5000 is an 
ideal intelligent “front end” to a personal computer which allows 
it to be used to acquire, log, process, store and display data 
from a lab experiment or remote process. The |xMAC-5000 with 
a printer can be used as a stand-alone data logger with the capability 
of sending exception messages to a host. Personal Computers 
can also be used as program development work stations for the 
p.MAC-5000. 



Figure 2. fiMAC-SOOO Measurement and Control Concept 
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MACSYM WORKSTATIONS 

The Analog Devices* MACSYM® Workstation Product Family 
is designed to perform all of the important functions required in 
Automation Management and Control. Workstations are used as 
complete systems or in conjunction with our other system building 
blocks. Both the MACSYM 120 plant-floor workstation and the 
higher-performance MACSYM 150 laboratory or control room 
system are optimized for data acquisition, real-time analysis, 
supervisory control, man-machine interface and data management. 
As communication gateways, these workstations can also send 
timely and comprehensive information to higher-level computers 
or other vendors’ equipment. 

MACSYM Workstations serve as a foundation for a family of 
software products including a high-level language, menu-driven 
application software, and assembly language. MACBASIC^^, a 
BASIC optimized for speed, incorporates extensive command 
extensions for analog, digital, pulse and frequency I/O along 
with easy-to-use graphics operations. Additionally, MACBASIC’s 
exceptional mulitasking capabilities simphfy implementation of 
real-time applications. 

Application and Communication Software Products are available 
to work in conjunction with our Measurement and Control 
Units, other vendors* control units and higher-level computers. 
Both workstations utilize an industry-standard multitasking 
operating system which allows users to draw upon a large selection 
of popular software products. 

Integral Measurement and Control I/O cards allow either work¬ 
station to be applied in smaller-scale applications typically found 
in laboratories, pilot plants or discrete parts testing operations. 
Hardware communications options make it easy to connect to 
other vendors* equipment. 

Automation Management applications demand a variety of re¬ 
quirements from workstation products. MACSYM Workstations 
offer a selection of performance/features which will meet the 
demands of your application. 



MACSYM 120 

The MACSYM 120 is designed to operate within the temperature, 
dust, vibration and powerline conditions found in plant-floor 
environments. Manufactured for Analog Devices by IBM, this 
workstation is software and hardware compatible with the IBM 
PC/XT*. Packaging features such as a sealed membrane keyboard, 
special cooling system, protective door over the system disk 
drives, battery backed-up clock and system temperature sensor 
set this system apart from a standard office environment personal 
computer. 

The MACSYM 120 Workstation accepts the Series 120 Family 
of I/O cards for local interface to analog and digital inputs and 
outputs, the ADI Family of Measurement and Control Units, 
peripherals and memory expansion cards. All of the hardware 
and software products offered by ADI with the MACSYM 120 
are also available for use with IBM PC’s. 

The MACSYM 120 brings real workstation power to the plant 
floor. It combines the features of a sophisticated operator interface, 
a communications gateway and a control computer that implements 
advanced automation strategies. The MACSYM 120 delivers 
these capabilities to plant operating personnel. 

MACSYM 150 

The MACSYM 150 is a high-performance workstation designed 
for applications requiring more computational power, more 
memory, better graphics and more local I/O capacity than provided 
by the MACSYM 120. The system unit accepts the Series 100 
Family of I/O cards for local interface to analog and digital 
inputs and outputs, the ADI Family of Measurement and Control 
Units, IEEE-48 instruments, peripherals and memory expansion 
cards. 

Use the MACSYM 150 when a high-performance Measurement 
and Control Workstation is needed in a laboratory or control 
room. As a fast test and measurement system, instrument con¬ 
troller, supervisory controller and data collection and analysis 
system, this workstation provides an operator or higher-level 
computer with timely and comprehensive information. 
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WORKSTATION COMPARISON 



MACSYM 120 

MACSYM 150 

Peformance 

Intel 8088 
Microprocessor 
w/SOSlMath 
Coprocessor 

Intel 8086 
Microprocessor 
w/8087Math 
Coprocessor 


Computation 

Speed 

Factor =1.0 

Computation 

Speed 

Factor =1.5 

Memory 

640KB RAM 

1MB RAM 


maximum 

maximum 

Graphics 

High Resolution 
Monochrome 

High Resolution 
Color 


Medium 
Resolution Color 

High Speed 
Graphics Update 

Option Slots 

4 Slots for Series 
120 Cards 

6 Slots for Series 
100 Cards 


Compatible with 
IBM PC/XT 
Options 


Environment 

Plant 

Lab/Control 


Room 


WORKSTATION MEASUREMENT & CONTROL I/O 

Analog Input 

Analog Output 

Digital Input and Output 

Interface to Many Transducers Such as Thermocouples, 

RTD’s or Strain Gages via the 3B Family 

MEASUREMENT & CONTROL UNITS 

MACSYM 200 and m.MAC- 4000 Interface Units 
MACSYM 250, MACSYM 260 and jjlMAC- 5000 
Programmable Units 

SYSTEM EXPANSION PRODUCTS 

Memory Expansion Cards 

Communications Expansion Cards 

Monitors 

Printers 

Color Plotter 

SOFTWARE PRODUCTS 

High Level Language 
Application Software: DAIS, MAS 
MCComm^^ 

Communications to Other Computers 
Communications to Programmable Controllers 

MEASUREMENT AND CONTROL UNITS 

Analog Devices’ Measurement and Control Units are system 
building blocks for a wide range of apphcations. Systems may 
be configured to meet requirements ranging from simple process 
monitoring to standalone control of complex processes or machine 


operations, to sophisticated product test systems. The product 
line includes rugged modules for factory-floor and process industry 
environments as well as units optimized for laboratory benchtop 
or pilot plant use. 

Measurement and Control Units achieve their ability to interact 
with real-world sensors and actuators through comprehensive 
families of I/O boards. Inputs may be analog voltages or currents 
at high or low levels, thermocouples, strain gages, RTD’s, relays, 
pulses, or frequencies. Analog and digital outputs control valves, 
actuators, and motors. Electrical isolation, fault protection, and 
signal conditioning for noisy real-world signals assiure accurate, 
reliable measurements. Field wiring terminations promote ser¬ 
viceability and minimize hazards to equipment and personnel. 

MACSYM 200 

MACSYM 200 is a high-performance unit for high-speed burst¬ 
mode data acquisition and high point-count scanning. Its family 
of over 30 ADIO cards facilitates connection to most any type 
of sensor or actuator. The 16 slots available for these cards 
enable a large munber of points to be measured and controlled 
from one chassis. Product test, process monitoring, and laboratory 
control are among the apphcations for which the MACSYM 200 
is particularly effective. The MACSYM 200 is intended for 
laboratories, pilot plants, and industrial control rooms. 

MACSYM 250 

MACSYM 250 is used to form high-performance Measurement 
and Control Systems in conjunction with MACSYM Workstations 
or IBM Personal Computers. It features a large memory for 
program and data space, multi-tasking MACBASIC, and a high¬ 
speed integrated link to the workstation. It can acquire, analyze, 
and reduce data; implement and complex control strategies; 
respond to high-priority events; and report results. At the same 
time, the workstation can devote its full resources to operator- 
interface functions. 

Use the MACSYM 250 in a laboratory, pilot plant, or control 
room setting for high-performance monitoring or product test 
apphcations. 

MACSYM 260 

MACSYM 260 is a rugged, high-performance unit capable of 
controlling complex operations in harsh plant environments. It 
has large memory capacity for sophisticated control strategies, 
arrays of test data, or multiple batch recipes. Programs may be 
stored in nonvolatile PROM for production apphcations. The 
MACSYM 260 has several forms of error-detection. Serviceabihty 
is designed-in with diagnostic indicator hghts, and front panel 
replacement of ah electronic assembhes. Multitasking MACBASIC 
simphfies the development of apphcations which require concur¬ 
rent data acquisition, computation, control and communication. 
Multiple communication ports support terminals, printers, and 
data exchange with other computers. 

The MACSYM 260 is used when significant measurement, 
control and computation power is required in a plant environment. 
These apphcations include high-performance product test stands, 
statistical process control of manufacturing, batch control, and 
control of complex equipment such as large extrusion machines. 
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MEASUREMENT & CONTROL INTERFACE UNITS COMPARISON 



MACSYM 200 

MACSYM 250 

MACSYM 260 

Maximum Channel Capacity 

Analog I/O 

Digital I/O 

512 S/E 

256Diff. 

256 

512 S/E 

256Diff. 

256 

512 S/E 
256Diff. 

256 

Analog Sampling Speed (Burst Mode) 
Single Channel 

Multiple Channel 

33,000/Sec 

6,000/Sec 

33,000/Sec 

7,000/Sec 

33,000/Sec 

7,000/Sec 

Communication Ports 

Number 

Type 

One 

RS-422,Sync. 

Two 

RS-422, Sync. 
RS-232, Async. 

Four 

RS-422, Sync. 
RS-232, Async. 
Isolated 20niA 
Current Loop 

Maximum Memory 

64K 

512K 

512K 

Programmable 

No 

Yes 

Yes 

User EPROM 

No 

No 

Yes 

Operating Temperature 

0-50°C 

0-50°C 

0-60°C 


APPLICATION SOFTWARE 

Application Software is a system building block that increases 
the level of solution provided by Analog Devices for Automation 
Management and Control. When combined with our other system 
building blocks, one can implement a fxilly-supported solution 
from a single vendor. 

DAIS (Data Acquisition Information System) is a foxmdation for 
process monitoring applications involving hundreds of points. 
MAS (Micro Automation System) is designed for controlling 
small process units such as pilot plants. Both packages can be 
used without knowledge of programming because they are 
menu-driven. 

DAIS 

DAIS provides a simple operator interface, integral data base 
(for points, groups and logs), and extensive on-line point processing 
capability. DAIS accepts a wide range of process inputs, converts 
raw values to engineering units, performs three levels of alarm 
checking, saves historical data and provides printed reports. 
DAIS can be extended or customized via easy-to-use 
MACBASIC. 


DAIS is used in a variety of applications where real-time process 
monitoring and supervisory control provide tighter control and 
improve operating efficiency. 

MAS 

MAS is a complete system integrating operator interface and 
control. It is complete because it has both continuous control 
and a high-level sequence control language, since many applications 
require more than just PID control. Via its menus, the operator 
has access to alarms, real-time trends, operator comment display, 
varying control parameters, and initiation or suspension of control. 
MAS is easily adapted to changing operating conditions and 
control requirements. 

MAS improves repeatability and record keeping in small-scale 
automation projects. 

MACSYM is a registered trademark of Analog Devices, Inc. 

MACBASIC and MCConun are trademarks of Analog Devices, Inc. 

*1BM PC/XT is a trademark of International Business Machines 
Corporation. 
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Machine Vision Systems 


IVS-100 MACHINES VISION SYSTEMS 

The IVS-100, (The Eye^^), built from the ground up by Analog 
Devices, is a powerful and flexible machine vision development 
system. It features state-of-the-art hardware and software for 
machine vision. The system performs full gray scale processing 
and is capable of resolving both small and subtle defects at high 
speed. The IVS-100 system is designed with the flexibility to 
meet your specific needs. Hardware enable the system to be 
“built up” or “built down” to meet your requirements. An 
extensive library of machine vision routines is available as are 
“turnkey” software packages. This flexibility in both hardware 
and software ensures the delivery of the right, user-friendly, 
system at the lowest cost. 

The IVS-100 is commonly used in applications requiring: 

- Inspection, verification or sorting 

- Alignment 

- Character recognition 

- Robot guidance. 

Hardware Features of the Eye 

• 256 gray level processing (the highest in the industry) to ac¬ 
commodate varying or poor lighting conditions and to enable 
the IVS-100 to see small defects. 

• Dual process hardware. The IVS-100 is the first vision system 
ever to employ the Intel* 80286/287 microprocessors and an 
Intel 80186 I/O processor. The I/O processor unburdens the 
main processor, from performing time consuming input/output 
tasks. 

• High resolution (up to 512 x 512 pixels) is standard so The Eye 
can make accurate measurements and find small defects. 

• Built-in preprocessing. With an arithmetic logic unit, a look-up 
table, and dual ram image storage, preprocessing can be per¬ 
formed. This image preprocessing is virtually cost free in a 
time sense and consequently saves the CPU time in not having 
to perform these tasks. 

• Two serial ports and one parallel port. The IVS-100 communicates 
via one RS-232 serial port, one RS-422/423 serial port and 
one parallel port with 8 digital input lines and 8 digital output 
lines. It is capable of real-world interfacing and can communicate 
with host computers and a wide range of peripherals. 

• Up to eight cameras on one processing unit. The Camera Multiplexer 
provides the IVS-100 with the capability of connecting up to 

8 cameras to its framegrabber. With camera multiplexing 
capabilities, the user is able to create multiple workstations 
with one vision system. 

• Choice of storage space. The IVS-100 is standardly configured 
with one 640K byte floppy drive and a 15M byte Winchester 
drive. In place of the 15M byte drive, a 68M byte Winchester 
is available. Increased Winchester storage is particularly useful 
for applications where image archiving or the performance of 
trend analysis for quality control is required. 

Concurrent CP/M** Operating System and the Analog Devices 
Libraries of Machine Vision Software 

• Concurrent CP/M (CCP/M) is a multitasking, real-time operat¬ 
ing system. CCP/M is produced by Digital Research. On the 
IVS-100, CCP/M supports up to two physical consoles and 
eight virtual consoles. The machine vision software developed 
by Analog Devices is designed as a hierarchical structure of 



software building blocks to assist the machine vision pro¬ 
grammer in fashion in efficient application programs. Having 
these building blocks available greatly increases productivity 
during program development. 

• IVS-100 Library. The machine vision primitives are the lowest 
layer in the IVS-100 machine vision software structure. These 
are routines and drivers written in assembly language that 
implement a variety of low-level machine vision operations 
and are optimized for IVS-100 hardware. 

On the next level are machine vision functions, which are 
written in assembly language and C. These functions implement 
a wide range of machine vision algorithms for image processing, 
analysis and interpretation. Each of these routines were written 
to perform one function very fast (i.e. acquire an image, 
freeze an image, filter a line of pixel data, calculate a 
histogram). 

• Applications Library. The Applications Library contains addi¬ 
tional, higher level machine vision functions for image analysis 
and interpretation. CapabiUties include windowing, blob 
location, automatic thresholding, centroid determination, etc. 
These routines are'written primarily in C, and consist of 
combinations of the functions incorporated in the IVS-100 
Library described above. Source code for the Applications 
Library is included with the library. 

• Applications Packages. The final level of machine vision software 
available from Analog Devices are applications packages: 
complete menu-driven, user-friendly progrms performing 
specific machine vision tasks. Applications packages currently 
available from Analog Devices include: Optical Character 
Recognition and Verification, and Alignment. 

The Eye is a trademark of Analog Devices, Inc. 

*Intel is a trademark of Intel Corporation. 

**Concurrent CP/M is a trademark of Digital Research, Inc. 
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SOCKET P.C. BOARD 


HANDLER INTERFACE FOR 
HANDLER CONTROL SIGNALS 


UNIDIRECTIONAL RS-232 PORT 
FOR OPTIONAL PRINTER 


BI-DIRECTIONAL RS-232 PORT 
FOR COMMUNICATING WITH 
ANY RS-232 DEVICE 


PLUG-IN SOCKET ASSEMBLY 


START TEST BUTTON - OPERATOR INSTALLS 
DEVICE IN THE SOCKET AND PUSHES THE BUTTON 


IEEE 488 PORT (OPTIONAL) 


DUAL DISK DRIVES, DOUBLE-SIDED FOR 
OPERATING SYSTEM, MASS STORAGE OF DATA, 
AND SUPPLIED PROGRAMS 


PLUG-IN FAMILY BOARD MODULE (E.G., 

LINEAR, DIGITAL, DATA CONVERSION, DISCRETE) 


THE LTS SYSTEM CONCEPT 

The LTS-2020 is a versatile component test system which allows 
you to test a multitude of components to the manufacturer’s 
specifications (linear, digital, data conversion and discrete devices). 
The system also offers such features as RS232 ports for networking, 
IEEE for compatibihty with handlers and probers, dual disk 
drives for mass storage of data, automatic self calibration, and a 
full statistical analysis software package. 

The LTS-2020 provides several data output formats — data log, 
yield analysis and statistical analysis. The console provides the 
primary measurement and control functions to test a specific 
class of devices. The socket assembly is the mechanical and 
electronic interface for the family board and the DUT board. 
The DUT board plugs directly into the socket assembly and 
contains the circuitry and socket, specific to the actual device 
under test. 

LTS-2020 CONSOLE SPECIFICATIONS 


ANALOG DEVICES, Component Test Systems are the first 
benchtop testers that are programmable in BASIC and fill-in-the- 
blanks CREATE. CREATE is menu-driven software which 
prompts the user for data sheet limits and conditions, and builds 
a completed test program for the specified device. Turnkey 
program Ubraries are available for each of the device families. 

Far more than just comprehensive production testers, they can 
handle complex engineering analysis and incoming inspection. 
They are the first systems that can provide all the capabilities of 
today’s large centralized test systems at a cost that is approJdmately 
one-third that of a mainframe. The LTS-2020 not only provides 
the flexibility of distributed or decentralized testing, it allows 
for cost effective multiple system purchases. And they increase 
overall test reUability, since the threat of a single big failure is 
eliminated in a distributed testing environment. 


Voltage Measurement Range 

Current Range 

Resolution 

Accuracy 

±10V 

HIZ 

10p,V 

±(0.0015% -t- 150p,V) 

Current Measurement Range 

Voltage Range 

Resolution 

Accuracy 

10mA to + 150mA 

Oto -(-20V 

2p.A 

±(2.5% -(- lOOfiAA^ -1- 15|xA) 

- 150mA to + 10mA 

0to-20V 

2fjiA 

±(2.5% + lOOjJiAA^ ISfjiA) 

- 1.0mA to + 1.0mA 

Oto-f lOV 

0.2M-A 

±(0.5% + IOjjlA) 

- 10mA to + 10mA 

±10V 

0.1(iuA 

±(0.5% -1- 10|xA) 

Voltage Forcing Range 

Current Range 

Resolution 

Accuracy 

0to-l-20V 

- 10mA to + 150mA 

lOOmV 

±50mV 

0 to-20V 

- 150mA to + 10mA 

lOOmV 

±50mV 

Oto-l-lOV 

- 1.0mA to -f- 1.0mA 

50mV 

±25mV 

-lOVto -h lOV 

- 10mA to + 10mA 

ImV 

±500txV 

Operating Voltage Range 


Console Dimensions 

105V to 125V AC @ 50Hz to 60Hz 

210V to 250V AC @ 50Hz to 60Hz 


W 19m. (48cm.) x D 26m. (66cm.) x H 12in. (31cm.) 
Wt.751bs.(39Kgs.) 

System Reference Stability 


Operating Temperature Range 

lOV ± lOppm/lOOOhrs. non-cumulative 


0to-H40‘’C,-H32‘’Ftol04°F 
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Power Supplies _ 

Modular AC/DC Power Supplies 


SPECIFICATIONS (typical @ + 25®C and 115 V ac 60Hz unless otherwise noted) 






Output 

Output 

Line Reg. Load Reg. 

Output 

Ripple & 






Voltage 

Current 

Max 

Max 

Voltage 

Noise 

Dimensions 



Type 

Model 

Volts 

mA 

% 

% 

Error Max 

mV rms Max 

Inches 




915 

±15 

±25 

0.2 

0.2 

±1% 

1 

3.5x2.5x0.875 




904 

±15 

±50 

0.02 

0.02 

±200mV 

-OmV 

0.5 

3.5x2.5x0.875 




902 

±15 

±100 

0.02 

0.02 

+ 300mV 

0.5 

3.5x2.5x1.25 



Dual 






-OmV 





Output 

902-2 

±15 

±100 

0.02 

0.02 

+ 300mV 

0.5 

3.5x2.5x0.875 



920 

±15 

±200 

0.02 

0.02 

-OmV 
+ 300mV 
-OmV 

0.5 

3.5x2.5x1.25 





925 

±15 

±350 

0.02 

0.02 

±1% 

0.5 

3.5x2.5x1.62 

0> 


921 

±12 

±240 

0.02 

0.02 

+ 300mV 

0.5 

3.5x2.5x1.25 

j 

3 

a 







-OmV 





906 

5 

250 

0.02 

0.04 

±1% 

1 

3.5x2.5x0.875 

•tJ 

Single 

903 

5 

500 

0.02 

0.04 

±1% 

1 

3.5x2.5x1.25 

o 

QQ 

Output 

905 

5 

1000 

0.02 

0.05 

±1% 

1 

3.5x2.5x1.25 


; 

922 

5 

2000 

0.02 

0.05 

±1% 

1 

3.5x2.5x1.62 

e 

u 


928 

5 

3000 

0.05 

0.10 

±2% 

5 (typ) 

3.5x2.5x1.25 




923 

±15 

±100 

0.02 

0.02 

±1% 

0.5 

3.5x2.5x1.25 





+ 5 

500 

0.02 

0.05 

±1% 

0.5 





926 

±15 

±150 

0.02 

0.02 

±2% 

0.5 (typ) 

3.5x2.5x1.62 



Triple 

927 

+ 5 
±15 

300 

±150 

0.02 

0.02 

0.10 

0.02 

±2% 

±2% 

1.0 (typ) 

0.5 (typ) 

3.5x2.5x1.62 



Output 


+ 5 

1000 

0.02 

0.10 

±2% 

1.0 (typ) 





2B35J 

±15 

±65 

0.08 

0.1 

(-0, +300mV) 

0.5 

3.5x2.5x1.25 





+ lto + 15* 

125 

0.08 

0.1 


0.25 





2B35K 

±15 

±65 

0.01 

0.02 

(-0, +300mV) 

0.5 

3.5x2.5x1.25 





+ lto + 15* 

125 

0.01 

0.02 


0.25 





952 

±15 

±100 

0.05 

0.05 

±2% 

1 

4.4x2.7x1.44 



Dual 

970 

±15 

±200 

0.05 

0.05 

±2% 

1 

4.4x2.7x1.44 

7 

3 

Output 

973 

±15 

±350 

0.05 

0.05 

±2% 

1 

4.4x2.7x2.00 

"S 

975 

±15 

±500 

0.05 

0.05 

±2% 

1 

4.4x2.7x2.00 

:| 

Single 

955 

5 

1000 

0.05 

0.15 

±2% 

2 

4.4X2.7X 1.44 

Cfl 

Output 

976 

5 

3000 

0.05 

0.10 

±2% 

5 (typ) 

4.75x2.7x2.00 

.3 


972 

±15 

±150 

0.02 

0.02 

±2% 

0.5 (typ) 

4.75x2.7x1.45 

d 

Triple 


+ 5 

300 

0.02 

0.10 

±2% 

1.0 (typ) 


1 


Output 

974 

±15 

±150 

0.02 

0.02 

±2% 

0.5 (typ) 

4.75 X 2.7 X 1.45 

J 

f 



+ 5 

1000 

0.02 

0.10 

±2% 

1.0 (typ) 



* Resistor Programmable 
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Power Supplies 

Modular OC/DC Converters 


SPECIFICATIONS (typical @ + 25°C at nominal input voltage unless otherwise noted) 


Input^ 


Model 

Output 

Voltage 

Volts 

Output 

Current 

mA 

Input 

Voltage 

Volts 

Voltage 

Range 

Volts 

Input 
Current 
Full Load 

Output 
Voltage 
Error Max 

Temperature 

Coefficient 

/XMax 

Efficiency 
Full Load 
Min 

Dimensions 

Inches 

943 

5 

1000 

5 

4.75/5.25 

1.52A 

±1% 

±0.02% 

62% 

2.0x2.0x0.38 

951* 

5 

100 

5 

4.5/5.5 

200mA 

±5% 

±0.01%(typ) 

50% 

1.25x0.8x0.4 

958 

5 

100 

5 

4.5/5.5 

200mA 

±5% 

±0.01%(typ) 

50% 

1.25x0.8x0.4 

941 

+ 12 

±150 

5 

4.75/5.25 

1.17A 

±0.5% 

±0.01% 

58% 

2.0x2.0x0.38 

959* 

±12 

±40 

5 

4.5/5.5 

384mA 

±5% 

±0.01%(typ) 

50% 

1.25x0.8x0.4 

960 

±12 

±40 

5 

4.5/5.5 

384mA 

±5% 

±0.01%(typ) 

50% 

1.25x0.8x0.4 

961* 

±15 

±33 

5 

4.5/5.5 

396mA 

±5% 

±0.01%(typ) 

50% 

1.25x0.8x0.4 

962 

±15 

±33 

5 

4.5/5.5 

396mA 

±5% 

±0.01%(typ) 

50% 

1.25x0.8x0.4 

963* 

±15 

±33 

12V 

10.8/13.2 

165mA 

±5% 

±0.01%(typ) 

50% 

1.25x0.8x0.4 

964 

±15 

±33 

12V 

10.8/13.2 

165mA 

±5% 

±0.01%(typ) 

50% 

1.25x0.8x0.4 

965 

±15 

±190 

5V 

4.65/5.5 

1.7A 

±1% 

± 0.005% (typ) 

62% (typ) 

2.0x2.0x0.38 

966 

±15 

±190 

12V 

11.2/13.2 

710mA 

±1% 

± 0.005% (typ) 

62% (typ) 

2.0x2.0x0.38 

%7 

±15 

±190 

24V 

22.3/26.4 

350mA 

±1% 

±0.005% (typ) 

62% (typ) 

2.0x2.0x0.38 

968 

±15 

±190 

28V 

26/30.8 

300mA 

±1% 

±0.005% (typ) 

62% (typ) 

2.0x2.0x0.38 

949 

±15 

±60** 

5 

4.65/5.5 

0.6A 

±2% 

±0.03% 

58% 

2.0x1.0x0.375 

940 

±15 

±150 

5 

4.75/5.25 

1.35A 

±0.5% 

±0.01% 

62% 

2.0x2.0x0.38 

953 

±15 ^ 

±150 

12 

11/13 

0.6A 

±0.5% 

±0.01% 

62% 

2.0x2.0x0.38 

945 

±15 

±150 

28 

23/31 

250mA 

±0.5% 

±0.01% 

61% 

2.0x2.0x0.38 

951 

±15 

±410 

5 

4.65/5.5 

3.7A 

±0.5% 

±0.01% 

62% 

3.5x2.5x0.88 


NOTES 

*Unfiltered Models 

**Single-ended or unbalanced operation is permissible such that total output current load 
does not exceed a total of 120mA. 

‘Models 940 and 941 will deliver up to 120mA output current (and model 943 will deliver 
up to600mA) over an input voltage range of 4:65 and S.S V dc. 
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ANALOG 

DEVICES 


Low Cost, Miniature 
isolation Ampiifiers 


AD202/AD204 


FEATURES 

Small Size: 4 Channels/Inch 
Low Power: 35mW (AD204) 

High Accuracy: ±0.05% max Nonlinearity 
High CMR: 130dB (Gain = 100 V/V) 

Wide Bandwidth: 5kHz Full-Power 
High CMV Isolation: ±1000 V pk Continuous 
(Signal and Power) 

Isolated Power Outputs 
Uncommitted Input Amplifier 

APPLICATIONS 

Multi-Channel Data Acquisition 

Current Shunt Measurements 

Motor Controls 

Process Signal Isolation 

High Voltage Instrumentation Amplifier 

GENERAL DESCRIPTION 

The AD202 and AD204 are the first members of a new generation 
of low cost, high performance isolation amplifiers. A new circuit 
design, novel transformer construction, and the use of surface- 
mounted components in an automated assembly process result 
in remarkably compact, economical isolators whose performance 
in many ways exceeds that previously available from very expensive 
devices. The primary distinction between the AD202 and AD204 
is that the AD202 is powered directly from + 15V dc while the 
AD204 is powered by an externally supplied clock (AD246). 

The AD202 and AD204 employ transformer coupling and do 
not require the design compromises that must be made when 
optical isolators are used: each provides a complete isolation 
function, with both signal and power isolation internal to the 
module, and they exhibit no long-term parameter shifts under 
sustained common-mode stress. Power consumption, nonlinearity, 
and drift are each an order of magnitude lower than can be 
obtained from other isolation techniques, and these advan¬ 
tages are obtained without sacrifice of bandwidth or noise . 
performance. 

The design of the AD202 and AD2()4 emphasizes ease of use in 
a broad range of applications where signals must be measured or 
transmitted without a galvanic connection. In addition, the low 
cost and small size of these isolators makes component-level 
circuit applications of isolation practical for the first time. 

PRODUCT HIGHLIGHTS 

The AD202 and AD2()4 are full-featured isolators offering numer¬ 
ous benefits to the user: 

Small Size: The new SIP form factor provides complete isolation 
(both signal and power) in a package just 0.25" wide, giving the 
user a channel density of four channels per inch. The isolation 
barrier is across the width of the package, which facilitates 
board layout and maximizes input-output spacing. 


AD202/AD204 FUNCTIONAL BLOCK DIAGRAMS 




High Accuracy: With a maximum nonlinearity of ±0.05% and 
low drift over temperature, the AD202 and AD204 can be used 
to provide isolation without loss of signal integrity. 

Low Power: Power consumption of 35mW (AD204) and 75mW 
(AD202) over the full signal range makes these isolators ideal 
for use in applications with large charmel counts or tight power 
budgets. 

Wide Bandwidth: The AD204’s full-power bandwidth of 5kHz 
makes it useful for wideband signals. It is also effective in appli¬ 
cations like control loops, where limited bandwidth could result 
in instability. 

Excellent Common-Mode Performance: Both models have 
± lOOOV common mode voltage isolation and a total common-mode 
input capacitance of less than 5pF inclusive of power isolation. 
This results in CMR ranging from 130dB at a gain of 100 to 
104dB (min. at unity gain) and very low leakage current (2|xA 
max). 

Flexible Input: An uncommitted op amp is provided at the 
input of both models. This provides buffering and gain as required, 
and facilitates many alternative input functions including filtering^ 
summing, high-voltage ranges, and current (transimpedance) 
input. 

Isolated Power: The AD204 can supply isolated power of ± 7.5V 
at 2mA. This is sufficient to operate a low-drift input preamp, 
provide excitation to a semiconductor strain gage, or to power 
any of a wide range of user-supplied ancillary circuits. The 
AD202 can supply ± 7.5V at 0.4mA which is sufficient to operate 
adjustment networks or low-power references and op amps, or 
to provide an open-input alarm. 
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(typical @ +25% & Vs = +15y unless otheimnse noted) 


Model 

AD204JY 

AD202JY 

GAIN 



Range 

IVAf-lOOVA^ 

★ 

Error 

± 0.5% typ (4% max.) 

* 

vs. Temperature 

± 20ppnVXZ; typ ( ± 45ppm/°C max) 

* 

vs. Time 

± 50ppm/1000 Hours 

* 

vs. Supply Voltage 

±0.001%A^ 

±0.01%A/ 

Nonlinearity (G = 1VAO 

± 0.025% typ (± 0.05% max) 

* 

INPUT VOLTAGE RATINGS 



Linear Differential Range 

Max. CMV Input to Output 

±5V 

★ 

AC, 60Hz, Continuous 

750V rms 

★ 

Continuous DC 

Common-Mode Rejection (CMR) 

±1000VPeak 

★ 

Rs = < lOOfl (HI & LO Inputs) G = 1 

llOdB 

105dB 

G=100 

130dB 

★ 

Rs == ^ Ikn (Input HI, LO, or Both) G = 1 

104dBmin 

lOOdBmin 

G=100 

llOdBmin 

* 

Leakage Current Input to Output 



@240Vnns,60Hz 

2|xArmsmax 

★ 

INPUT IMPEDANCE 



Differential (G = 1 VAO 

10 *^ a 

* 

Common Mode 

2Ga|l4.5pF 

* 

INPUT BIAS CURRENT 



Initial, @-f25°C 

±30pA 

* 

vs. Temperature (0 to + 70°C) 

±10nA 

* 

INPUT DIFFERENCE CURRENT 



Initial, @ -i- 25°C 

+1 

* 

vs. Temperature (0 to -¥ 70°C) 

±2nA 

* 

INPUT NOISE 



Voltage, 0.1 to lOOHz 

4|jlV p-p 

* • 

f>200Hz 

50nV/VHz 

* 

FREQUENCY RESPONSE 



Bandwidth (V© s lOV p-p, G = 1-50VAO 

5kHz 

1.5kHz 

Settling Time, to ± lOmV (lOV Step) 

1ms 

★ 

OFFSET VOLTAGE (RTI) 



Initial, @ + 25°C Adjustable to 2^ro 

(±5±15/G)mVmax 

* 

vs. Temperature (0 to + 7(fC) 

(±10±^)m.V/°C 

* 

RATED OUTPUT 



Voltage (Out HI to Out LO) 

±5V 

* 

Voltage at Out HI or Out LO (Ref. Pin 32) 

±6.5V 

★ 

Output Resistance 

3ka 

Tka 

Output Ripple, lOOkHz Bandwidth 

lOmV pk-pk 

* 

5kHz Bandwidth 

0.5mV rms 

* 

ISOLATED POWER OUTPUT* 



Voltage, No Load 

±7.5V 

* 

Accuracy 

± 10% 

* 

Currait 

2mA (Either Output)^ 

400|jlA Total 

R^:ulation, No Load to Full Load 

5% 

* 

Ripple 

lOOmV pk-pk 

Hr 

OSCILLATOR DRIVE INPUT 



Input Voltage 

15 V pk-pk Nominal 

N/A 

Input Frequency 

25kHz Nominal 

N/A 

POWER SUPPLY (AD202 Only) 



Voltage, Rated Performance 

N/A 

-t-15V±5% 

Voltage, Operating 

N/A 

-1-15V ±10% 

Current, No Load (Vs = H- 15V) 

N/A 

5mA 

TEMPERATURE RANGE 



Rated Performance 

oto-b7(rc 

* 

Operating 

-25*0^-1-85‘C 

* 

Storage 

-25‘Cto+85'C 

★ 

PACKAGE DI2VIENSIONS 

2.08" X 0.249" X 0.625" 

* 


NOEES 

*Spedficatk)ns same as AD204JY. 

' 1 .(VF min decoupling required. 

^3mA with one supply loaded. 

Specifications, subject to change without notice. 


OUTLINE DIMENSIONS 

Dimensions shown in inches and (mm). 



NOTE 

PIN 31 IS PRESENT ONLY ON AD202. 
PIN 33 IS PRESENT ONLY ON AD204. 


AC1058 MATING SOCKET 




a 


AD202/AD204 
PIN DESIGNATIONS 


PIN 

FUNCTION 

1 

-1-INPUT 

2 

INPUT/V,so COMMON 

3 

-INPUT 

4 

INPUTFEEDBACK 

5 

-V,so OUTPUT 

6 

-l-V,so OUTPUT 

31 

+ 15V POWER IN (AD202 ONLY) 

32 

CLOCK/POWER COM 

33 

CLOCK INPUT (AD204 ONLY) 

37 

OUTPUTLO 

38 

OUTPUT HI 



CAUTION 

ESD .(Electro-Static-Discharge) sensitive de¬ 
vice. Permanent damage may occur on imcon- 
nected devices subject to high energy electrosta¬ 
tic fields. Unused devices must be stored in con¬ 
ductive foam or shunts. The protective foam 
should be discharged to the destination socket 
before devices are removed. 
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DIFFERENCES BETWEEN THE AD202 AND AD204 

The primary distinction between the AD202 and AD204 is in 
the method by which they are powered: the AD202 operates 
directly from + 15V dc while the AD204 is powered by a non¬ 
isolated externally-supplied clock (AD246) which can drive up 
to 32 AD204s. The main advantages of using the externally-clocked 
AD204 over the AD202 are reduced cost in multichannel appli¬ 
cations, lower power consumption, and higher bandwidth. In 
addition, the AD204 can supply substantially more isolated 
power than the AD202. 

Of course, in a great many situations, especially where only one 
or a few isolators are used, the convenience of stand-alone operation 
provided by the AD202 will be more significant than any of the 
AD204’s advantages. There may also be cases where it is desirable 
to accommodate either device interchangeably, so the pinouts of 
the two products have been designed to make that easy to do. 

INSIDE THE AD202 AND AD204 

The AD202 and AD204 use an amplitude modulation technique 
to permit transformer coupling of signals down to dc (Figure la 
and lb). Both models also contain an uncommitted input op 
amp and a power transformer which provides isolated power to 
the op amp, the modulator, and any external load. The power 
transformer primary is driven by a 25kHz, 15V p-p square wave 
which is generated internally in the case of the AD202, or supplied 
externally for the AD204. 

Within the signal swing limits of approximately ± 5V, the output 
voltage of the isolator is equal to the output voltage of the op 
amp; that is, the isolation barrier has unity gain. The output 
signal is not internally buffered, so the user is free to interchange 
the output leads to get signal inversion. Additionally, in multi¬ 
channel applications, the xmbuffered outputs can be multiplexed 
with one buffer following the mux. This technique minimizes 
offset errors while reducing power consumption and cost. The 
output resistance of the isolator is typically BkH for the AD204 
(7kn for AD202) and varies with signal level and temperature. 



Figure la. AD202 Block Diagram 


so it should not be loaded (see Figure 2 for the effects of load 
upon nonlinearity and gain drift). In many cases a high-impedance 
load will be present or a following circuit such as an output 
filter can serve as a buffer, so that a separate buffer function 
will not often be needed. 



Figure 2. Effects of Output Loading 


USING THE AD202 AND AD204 

Powering the AD202. The AD202 requires only a single + 15V 
power supply connected as shown in Figure 3a. A bypass capacitor 
is provided in the module. 


AD202 



Figure 3a. Powering AD202 

Powering the AD204. The AD204 gets its power from an ex¬ 
ternally supplied clock signal (a 15 V p-p square wave with a 
nominal frequency of 25kHz) as shown in Figure 3b. 


AD246 



Figure 3b. Po we ring One or More A D204's 

AD246 Clock Driver. The AD246 is a compact, inexpensive 
clock driver that can be used to obtain the required clock from 
a single 15V supply. Alternatively, the circuit shown in Figure 4 
(essentially an AD246) can be used. In either case, one clock 




Figure 1b. AD204 Block Diagram 


Figure 4. Clock Driver 
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circuit can operate at least 32 AD204s at the rated minimum _ 
supply voltage of 14.25V and one additional isolator can be 
operated for each 40mV increase in supply voltage up to 15V. A 
supply bypass capacitor is included in the AD246j but if many 
AD204s are operated from a single AD246, an external bypass 
capacitor should be used with a value of at least IftF for every 
five isolators used. Place the capacitor as close as possible to the 
clock driver. 

Input Configurations. The AD202 and AD204 have been de¬ 
signed to be very easy to use in a wide range of applications. 

The basic connection for standard unity gain applications, useful 
for signals up to ± 5V, is shown in Figure 5; some of the possible 
variations are described below. When smaller signals must be 



Figure 5. Basic Unity-Gain Application 

handled, Figure 6 shows how to get gain while preserving a 
very high input resistance. The value of feedback resistor Rp 
should be kept above 20kn for best results. Whenever a gain of 
more than five is taken, a lOOpF capacitor from pin 4 to pin 2 
is required. At lower gains this capacitor is unnecessary, but it 
will not adversely affect performance if used. 



Figure 6. Input Connections for Gain > 1 

The “noninverting” circuit of Figures 5 and 6 can also be used 
to advantage when a signal inversion is needed: just interchange 
either the input leads or the output leads to get inversion. This 
approach retains the high input resistance of the “noninverting” 
circuit, and at unity gain no gain-setting resistors are needed. 

When the isolator is not powered, a negative input voltage of 
more than about 2V will cause an input current to flow. If the 
signal source can supply more than a few mA under such condi¬ 
tions, the 2kn resistor shown in series with pin 1 should be 
used to limit current to a safe value. This is particularly important 
with the AD202, which may not start if a large input current is 
present. 

Figure 7 shows how to accommodate current inputs or sum 
currents or voltages. This circuit can also be used when the 
input signal is larger than the ± 5V input range of the isolator; 


for example, a ± 50V input span can be accommodated with 
Rp = 20k and Rs = 200k. Once again, a capacitor from pin 4 
to pin 2 is required for gains above 5. 



Figure 7. Connections for Summing or Current Inputs 

Adjustments. When gain and zero adjustments are needed, the 
circuit details will depend on whether adjustments are to be 
made at the isolator input or output, and (for input adjustments) 
on the input circuit used. Adjustments are usually best done on 
the input side, because it is better to null the zero ahead of the 
gain, and because gain adjustment is most easily done as part of 
the gain-setting network. Input adjustments are also to be preferred 
when the pots will be near the input end of the isolator (to 
minimize common-mode strays). Adjustments on the output 
side might be used if pots on the input side would represent a 
hazard due to the presence of large common-mode voltages 
during adjustment. 

Figure 8a shows the input-side adjustment connections for use 
with the “noninverting” connection of the input amplifier. The 
zero adjustment circuit injects a small adjustment voltage in 
series with the low side of the signal source. (This will not work 
if the source has another current path to input common or if 
current flows in the signal source LO lead). Since the adjustment 
voltage is injected ahead of the gain, the values shown will work 
for any gain. Keep the resistance in series with input LO below 
a few hundred ohms to avoid CMR degradation. 



Figure 8a. Adjustments for Noninverting Connection 
of Op Amp 

Also shown in Figure 8a is the preferred means of adjusting the 
gain-setting network. The circuit shown gives a nominal Rp of 
50kn, and will work properly for gains of ten or greater. The 
adjustment becomes less effective at lower gains (its effect is 
halved at G = 2) so that the pot will have to be a larger fraction 
of the total Rp at low gain. At G = 1 (follower) the gain cannot 
be adjusted downward without compromising input resistance; 
it is better to adjust gain at the signal source or after the output. 

Figure 8b shows adjustments for use with inverting input circuits. 
The zero adjustment nulls the voltage at the summing node. 
This method is preferable to current injection because it is less 
affected by subsequent gain adjustment. Gain adjustment is 
again done in the feedback; but in this case it will work all the 
way down to unity gain (and below) without alteration. 
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Figure 8b. Adjustments for Summing or Current Input 

Figure 9 shows how zero adjustment is done at the output by 
taking advantage of the semi-floating output port. The range of 
this adjustment will have to be increased at higher gains; if that 
is done, be sure to use a suitably stable supply voltage for the 
pot circuit. 

There is no easy way to adjust gain at the output side of the 
isolator itself. If gain adjustment must be done on the output 
side, it win have to be in a following circuit such as an output 
buffer or filter. 



Figure 9. Output-Side Zero Adjustment 


Common-Mode Perfonnance. Figures 10a and 10b show how 
the common-mode rejection of the AD202 and AD204 varies 
with frequency, gain, and source resistance. For these isolators, 
the significant resistance will normally be that in the path from 
the source of the common-mode signal to pin 2 (IN COM). The 
AD202 and AD204 also perform well in applications requiring 
rejection of fast common-mode steps, as described in the Appli¬ 
cations section. 



10 20 50 60 100 200 500 Ik 2k 5k 

FREQUENCY - Hz -► 



FREQUENCY - Hz — 

Figure 10b. AD202 Common-Mode Rejection vs. Frequency 

D 3 mamics and Noise. Frequency response plots for the AD202 
and AD204 are given in Figure 11. Since neither isolator is 
slew-rate limited, the plots apply for both large and small signals. 
Capacitive loads of up to 470pF will not materially affect frequency 
response. When large signals beyond a few hundred Hz will be 
present, it is advisable to bypass pins 5 and 6 to pin 2 with lp,F 
tantalum capacitors even if the isolated supplies are not loaded. 



10 20 50 100 200 500 Ik 2k 5k 10k 20k 


FREQUENCY-Hz -► 


Figure 11. Frequency Response at Several Gains 


The step response of the AD204 for very fast input signals can 
be improved by the use of an input filter, as shown in Figure 
12. The filter limits the bandwidth of the input (to about 5.3kHz) 
so that the isolator does not see fast, out-of-band input terms 
that can cause small amounts (±0.3%) of internal ringing. The 
AD204 will then settle to ±0.1% in about 300 microseconds for 
a lOV step. 



Figure 10a. AD204 Common-Mode Rejection vs. Frequency Figure 12. Input Filter for Improved Step Response 
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Except at the highest useful gains, the noise seen at the output 
of the AD202 and AD204 will be almost entirely comprised of 
carrier ripple at multiples of 25kHz. The ripple is typically 2mV 
p-p near zero output and increases to about 7mV p-p for outputs 
of ±5V (IMHz measurement bandwidth). Adding a capacitor 
across the output will reduce ripple at the expense of bandwidth: 
for example, 0.05|xF at the output of the AD204 will result in 
l.SmV ripple at ±5V, but signal bandwidth will be down to 
IkHz. 


Up to 32 AD204s can be driven from a single AD246 (or equivalent) 
clock driver when the isolated power outputs of the AD204s are 
loaded with less than 200p,A each, at a worst-case supply voltage 
of 14.25V at the clock driver. The number of AD204s that can 
be driven by one clock driver is reduced by one AD204 per 
3.5mA of isolated power load current at 7.5V, distributed in 
any way over the AD204*s being supplied by that clock driver. 
Thus a load of 1.75mA from + Vjso to ~Viso would also count 
as one isolator because it spans 15V. 


When the full isolator bandwidth is needed, the simple two-pole 
active filter shown in Figure 13 can be used. It will reduce 
ripple to 0. ImV p-p with no loss of signal bandwith, and also 
serves as an output buffer. 



Figure 13. Output Filter Circuit Showing Proper 
Grounding 


An output buffer or filter may sometimes show output spikes 
that do not appear at its input. This is usually due to clock 
noise appearing at the op amp’s supply pins (since most op 
amps have little or no supply rejection at high frequencies). 
Another common source of carrier-related noise is the sharing of 
a ground track by both the output circuit and the power input. 
Figure 13 shows how to avoid these problems: the clock/supply 
port of the isolator does not share ground or 15V tracks with 
any signal circuits, and the op amp’s supply pins are bypassed 
to signal common (note that the grounded filter capacitor goes 
here as well). Ideally, the output signal LO lead and the supply 
common meet where the isolator output is actually measured, 
e.g. at an A/D converter input. If that point is more than a few 
feet from the isolator, it may be useful to bypass output LO to 
supply common at the isolator with a 0.1|xF capacitor. 

Using Isolated Power. Both the AD202 and the AD204 provide 
±7.5V power outputs referenced to input common. These may 
be used to power various accessory circuits which must operate 
at the input common-mode level; the input zero adjustment pots 
described above are an example, and several other possible uses 
are shown in the section titled Application Examples. 

The isolated power output of the AD202 (400p<A total from 
either or both outputs) is much more limited in current capacity 
than that of the AD204, but it is sufficient for operating micropower 
op amps, low power references (such as the AD589), adjustment 
circuits, and the like. 

The AD204 gets its power from an external clock driver, and 
can handle loads on its isolated supply outputs of 2mA for each 
supply terminal ( + 7.5V and -7.5V) or 3mA for a single loaded 
output. Whenever the external load on either supply is more 
than about 200fxA, a IjjlF tantalum capacitor should be used to 
bypass each loaded supply pin to input common. 


It is possible to increase clock fanout by increasing supply voltage 
above the 14.25V minimum required for 32 loads. One additional 
isolator (or 3.5mA unit load) can be driven for each 40mV of 
increase in supply voltage up to 15V. Therefore if the minimum 
supply voltage can be held to 15V - 1%, it is possible to operate 
32 AD204’s and 52mA of 7.5V loads. Figure 14 shows the 
allowable combinations of load current and channel count for 
various supply voltages. 



14.25 14.50 14.75 15.0 

MINIMUM SUPPLY VOLTAGE 


Figure 14. AD246 Fanout Rules 

Operation at Reduced Signal Swing. Although the nominal 
output signal swing for the AD202 and AD204 is ± 5V, there 
may be cases where a smaller signal range may be desirable. 
When that is done, the fixed errors (principally offset terms and 
output noise) become a larger fraction of the signal, but nonlinearity 
is reduced. This is shown in Figure 15. 



OUTOUT SIGNAL SWING - ±V 

Figure 15. Nonlinearity vs. Signal Swing 
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PCB Layout for Multichannel Applications. The pinout of the 
AD204 has been designed to make very dense packing possible 
in multichannel applications. Figure 16a shows the recommended 
printed circuit board (PCB) layout for the simple voltage-follower 
connection. When gain-setting resistors are present, 0.25" channel 
centers can still be achieved, as shown in Figure 16b. 


CHANNEL INPUTS 



CHANNEL OUTPUTS 
TO MUX 


Figure 16a. PCB Layout for Multichannel Applications at 
G = 7 

CH.O CH.1 



Figure 16b. PCB Layout for Multichannel Applications 
with Gain 


Synchronization. Since AD204’s operate from a conunon clock, 
synchronization is inherent. AD202s will normally not interact 
to produce beat frequencies even when mounted on 0.25-inch 
centers. Interaction may occur in rare situations where a large 
number of long, unshielded input cables are bundled together 
and channel gains are high. In such cases, shielded cable may 
be required or AD204’s can be used. 


APPLICATIONS EXAMPLES 

Lpw-Level Sensor Inputs. In applications where the output of 
low-level sensors such as thermocouples must be isolated, a low- 
drift input amplifier can be used with an AD204, as shown in 
Figure 17. A three-pole active filter is included in the design to 
get normal-mode rejection of frequencies above a few Hz and to 


provide enhanced common-mode rejection at 60Hz. If offset 
adjustment is needed, it is best done at the trim pins of the 
OP-07 itself; gain adjustment can be done at the feedback 
resistor. 



Figure 17. Input Amplifier & Filter for Sensor Signals 


Note that the isolated supply current is large enough to mandate 
the use of l|xF supply bypass capacitors. This circuit can be 
used with an AD202 if a low-power op amp is used instead of 
the OP-07. 

Process Current Input with Offset. Figure 18 shows an isolator 
receiver which translates a 4-20mA process current signal into a 
0 to + lOV output. A IV to 5V signal appears at the isolator’s 
output, and a - IV reference applied to output LO provides the 
necessary level shift (in multichannel applications, the reference 
can be shared by all channels). This technique is often useful 
for getting offset with a follower-type output buffer. 



Figure 18. Process Current Input Isolator with Offset 

The circuit as shown requires a source compliance of at least 
5V, but if necessary that can be reduced by using a lower value 
of current-sampling resistor and configuring the input amplifier 
for a small gain. 

Motor Control Isolator. The AD202 and AD204 perform very 
well in applications where rejection of fast common-mode steps 
is important but bandwidth must not be compromised. Current 
sensing in a full-wave bridge motor driver (Figure 19) is one 
example of this class of application. For 200V common-mode 
steps (Ifjis rise time) and a gain of 50 as shown, the typical 
response at the isolator output will be spikes of ± 5mV amplitude, 
decaying to zero in less than 100|xs. Spike height can be reduced 
by a factor of four with output filtering just beyond the isolator’s 
bandwidth. 
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This can save considerable power, since the controlled current 
does not have to return to ground. In Figure 21, an AD589 
reference is used to force a small fixed voltage across R. That 
sets the current which the input op amp will have to return 
through the load to zero its input. Note that the isolator’s output 
isn’t needed at all in this application; the whole job is done by 
the input section. However, the signal at the output could be 
useful: it’s the voltage across the load, referenced to ground. 
Since the load current is known, the output voltage is proportional 
to load resistance. 


High-Compliance Current Source. In Figure 20, an isolator is 
used to sense the voltage across current-sensing resistor R to 
allow direct feedback control of a high-voltage transistor or FET 
used as a high-compliance current source. Since the isolator has 
virtually no response to dc common-mode voltage, the closed-loop 
current source has a static output resistance greater than lO^^ft 
even for output currents of several mA. The output current 
capability of the circuit is limited only by power dissipation in 
the source transistor. 



Figure 20. High-Compliance Current Source 


Floating Current Source/Ohmmeter. When a small floating 
current is needed with a compliance range of up to ± lOOOV dc, 
the AD204 can be used to both create and regulate the current. 



VtoAoS4V 


Figure 21. Floating Current Source 

Photodiode Amplifier. Figure 22 shows a transresistance con¬ 
nection used to isolate and amplify the output of a photodiode. 
The photodiode operates at zero bias, and its output current is 
scaled by Rp to give a + 5V full-scale output. 



Figure 22. Photodiode Amplifier 


SPECIFICATIONS 


Model 

AD246JY 

OUTPUT 


Frequency 

25kHz Nominal 

Voltage 

15 V p-p Nominal 

Fan-Out 

32 max 

POWER SUPPLY 


REQUIREMENTS 


Input Voltage 

+ 15V±5% 

Supply Current 


Unloaded 

3.5mA 

EachAD204Adds 

2.2mA 

Each 1mA Load On AD204 


+Viso or - Viso Adds 

0.7mA 


OUTLINE DIMENSIONS 

Dimensions shown in inches and (mm). 


0.330(8.4) MAX 



PIN 

FUNCTION 

1 

+ 15V POWER IN 

2 

CLOCK OUTPUT 

12 

CLOCKCOM 

13 

POWER COM 
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ANALOG 

DEVICES 


Precision Hybrid 
Isolation Amplifier 


AD295 


FEATURES 

Low Nonlinearity: ±0.012% max (AD295C) 

Low Gain Drift: ±60ppm/X max 

Floating Input and Output Power: ±15V dc @ 5mA 

3-Port Isolation: ±2500V CMV (Input to Output) 

Complies with NEMA ICS1-111 

Gain Adjustable: 1V/V to 1000VA/ 

User Configurable Input Amplifier 

APPLICATIONS 

Motor Controls 

Process Signal Isolator 

High Voltage Instrumentation Amplifier 

Multi-Channel Data Acquisition Systems 

Off Ground Signal Measurements 


GENERAL DESCRIPTION 

The AD295 is a high accuracy, high reliability hybrid isolation 
amplifier designed for industrial, instrumentation and medical 
applications. Three performance versions are available offering 
guaranteed nonlinearity error at lOV p-p output: ±0.05% max 
(AD295A), ±0.025% max (AD295B), ±0.012% max (AD295C). 
Using a pulse width modulation technique the AD295 provides 
3-port isolation between input, output and power supply ports. 
Using this technique, the AD295 interrupts ground loops and 
leakage paths and minimizes the effect of high voltage transients. 
Additionally, floating (isolated) power ± 15V dc @ 5mA is 
available at both the input and output. The AD295’s gain can 
be programmed at the input, output or both sections allowing 
for user flexibility. An uncommitted input amplifier allows 
configuration as a buffer, inverter, subtractor or differential 
amplifier. 

The AD295 is provided in an epoxy sealed ceramic 40-pin 
package that insures quality performance, high stability and 
accuracy. Input/output pin spacing complies with NEMA 
(ICS 1-111) separation specifications required for many industrial 
applications. 

WHERE TO USE THE MODEL AD295 
Industrial: The AD295 is designed for measuring signals in 
harsh industrial environments. The AD295 provides high 
accuracy with complete galvanic isolation and protection from 
transients or where ground fault currents or high common-mode 
voltages are present. The AD295 can be applied in process 
controllers, current loop receivers, motor controls and weighing 
systems. 

Instrumentation: In data acquisition systems the AD295 
provides common-mode rejection for conditioning thermocouples, 
strain gauges or other low-level signals where high performance 
and system protection is required. 


AD295 FUNCTIONAL BLOCK DIAGRAM 



Medical: In biomedical and patient monitoring equipment like 
diagnostic systems and blood pressure monitors, the AD295 
provides protection from lethal ground fault currents. Low level 
signal recording and monitoring is achieved with the AD295’s 
low input noise (2|xV p-p @ G = lOOOVA^) and high CMR 
(106dB @ 60Hz). 

DESIGN FEATURES AND USER BENEFITS 
Isolated Power: Isolated power supply sections at the input and 
output provide ± 15V dc @ 5mA. Isolated power is load 
regulated to 4%. This feature permits the AD295 to excite 
floating signal conditioners, front-end buffer amplifiers and 
remote transducers at the input and external circuitry at the 
output. This eliminates the need for a separate dc/dc converter. 

Input Amplifier: The uncommitted input amplifier allows the 
user to configure the input as a buffer, inverter, subtractor or 
differential amplifier to meet the application need. 

Adjustable Gain: Gain can be selected at the input, output or 
both. Thus, circuit response can be tailored to the user’s 
application. The AD295 provides the user with flexibility 
for circuit optimization without requiring external active 
components. 

Three-Port Isolation: Provides true galvanic isolation between 
input, output and power supply ports. Eliminates the need for 
power supply and output ports being returned through a 
common ground. 

Wide Operating Temperature: The AD295 is designed to 
operate over the - 40°C to + 100°C temperature range with 
rated performance over - 25°C to + 85°C. 

Leakage: The low coupling capacitance between input and 
output yields a ground leakage current of less than 2|xA rms at 
115V ac, 60Hz. The AD295 meets standards established by 
UL STD 544. 
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(typical @ +25*t, & Ys = +15V unless ottienivise noted) 


MODEL 

AD295A 

AD295B 

AD295C 

GAIN 




Range 

IVA^tolOOOVA^ 

* 

* ■ 

Open Loop 

lOOdB 

* , 

* 

Accuracy G = IVA^ 

vs. Temperature (- 25°C to + 85°C) 

±1.5% 

* 


G=lV/Vtol00V/V 

± 60ppm/°C max 

* 

* 

Nonlinearity (± 5V Swing) G = 1V-IOOVA^ 

±0.05% max 

±0.025% max 

±0.012% max 

INPUT VOLTAGE RATINGS 




Linear Differential Range 

± lOV min 

* 

* 

Max Safe Differential Input 

Max CMV (Input to Output) 

±15V 

w 


Continuous ac or dc 

± 2500V peak 

* 

* 

ac, 60Hz, 1 Minute Duration 

2500V rms 

* 

* 

Max CMV (Input to Power Common/Output to Power Common) 



Continuous ac or dc 

±2000V peak 

★ 


ac, 60Hz, 1 Minute Duration 

CMR, Input to Output 60Hz, G = 1V/V 

2000V rms 

* 

* 

Rs Ikn Balanced Source Impedance 

106dB 

* 

★ 

Rs s Ik Source Impedance Imbalance 

Max Leakage Current, Input to Output 

103dB min 


* 

(a)115Vac,60Hz 

2p.A rms max 

* 

* 

INPUT IMPEDANCE 




Differential 

5 X 10^alj33pF 

* 

* 

Common Mode 

10*0||20pF 


* 

INPUT BIAS CURRENT 




Initial, (aj +25°C 

5nA max 

* 

* 

vs. Temperature (- 25°C to + 85°C) 

- 25pA/°C max 

* 

* 

INPUT DIFFERENCE CURRENT 




Initial,!® +25°C 

± 2nA max 

* 

* 

vs. Temperature (- 25°C to + 85°C) 

± 5pA/°C max 

* 

* 

INPUT NOISE (Gain = lOOOV/V) 




Voltage 




O.OlHztolOHz 

2m,V p-p 

* 


lOHztolkHz 

Current 

1 |jlV rms 



O.OlHztolOHz 

lOpA p-p 

* 

* 

FREQUENCY RESPONSE 




Small Signal (-- 3dB) 




G = IV/VtolOOVA^ 

4.5kHz 

* 

* 

G = lOOOV/V 

Full Power, 20V p-p Output 

600Hz 

* 

* 

G = IVA^tolOOVA^ 

1.4kHz 

* 

* 

G = lOOOV/V 

200Hz 

* 

* 

Slew Rate G = IV/Vto lOOV/V 

Settling Time G = IV/V 

O.lVVs 

* 

* 

(to ±0.1% for lOV Step) 

550}jls 

* 

* ■, 

(to ± 0.1% for 20V Step) 

700p,s 

* 

* 

OFFSET VOLTAGE, REFERRED TO INPUT 




Initial!® +25°C (Adjustable to Zero) 


★ 

* 

vs. Temperature (- 25°C to + 85°C) 

f ± 10 ± tx.\rc 

V 'JIN/ max 

f±3±M)^vrc 

\ 'JIN/ max 

(±i.5t!5»)^vrc 

\ '^IN/ max 

vs. Supply 


* 

* 

RATED OUTPUT 




Voltage, 2k!n Load 

± lOVmin 

* 

* 

Output Impedance 

2n(dctol00Hz) 

* 

* 

Output Ripple (lOHz to lOkHz) 

6mV p-p 


* 

(lOHztolOOkHz) 

40mV p-p 

* 

* 

ISOLATED POWER SUPPLIES' (V,soi & ^isoz) 




Voltage 

±15Vdc 



Accuracy 

±5% 

* 

* 

Current^ 

± 5mA max 

* 

* 

Load Regulation (No Load to Full Load) 

-4% 

* 

* 

Ripple, lOOkHzBW 

12mV p-p 

* 

* 

POWER SUPPLY ( +Vs) 




Voltage, Rated Performance 

+ 15Vdc ±3% 

* 

* 

Voltage, Operating 

+ 12Vdcto-i-16Vdc 

* 

* 

Current, Quiescent (Vs = +15V) 

40mA 

* 

* ■ 

With Viso Loaded 

45mA 

* 

* 

TEMPERATURE RANGE 




Rated Performance 

-25°Cto +85°C 

* 

* 

Operating 

-40°Cto-l-100°C 

* 

* 

Storage 

-40°Cto + 100°C 

* 

* 

CASE DIMENSIONS 

2.7" X 0.88" X 0.375" 

* 

* 


NOTES 

'V,so 2 accuracy and regulation 10%. ‘Specifications same as AD295A. 

^ ± 10mA can be supplied by Vjsoi, if Visoj is not used. Specifications subject to change without notice. 


OUTLINE DIMENSIONS 

Dimensions shown in inches and (mm). 



__ 0.671 

(17.04) 


0.375 (9.53) 
MAX ,- 

i 1— 


=n 

0.200 1 

(5.08J_ 1 

!| o..„ 

J (0.279) 

1 0.600(15.24) 1 
MAX—^1 



RECOMMENDED MATING SOCKET: AC1220 


PIN DESIGNATIONS 


PIN 

FUNCTION 

PIN 

FUNCTION 

1 

+ 15V ( + V,soil 

40 

INPUT FEEDBACK 

2 

Visoi COM 

39 

+ INPUT 

3 

-15V(-V,soi) 

38 

-INPUT 



37 

INPUT COM 

5 

NO CONNECTION 

36 

NO CONNECTION 

16 

+ Vs 

25 

OUTPUT COM/ 
VisozCOM 

17 

POWER COMMON 

24 

FILTER 



23 

OUTPUTFEEDBACK 

19 

+ 15V( + V,so2) 

22 

OUTPUT 

20 

-15V( + V,so2) 

21 

OUTPUT OFFSET TRIM 
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Understanding the Isolation Amplifier Performance 


INTERCONNECTIONS AND SHIELDING TECHNIQUE 

To preserve the high CMR performance of the AD295, care 
must be taken to keep the capacitance balanced about the input 
terminals. Use twisted shielded cable for the input signal to 
reduce inductive and capacitive pick-up. During circuit layout 
or interassembly connections, twisted wire pairs are recommended 
for power input and signal output. For basic isolator connections, 
see Figure 1. Capacitors C1-C5 are required in all applications 
to achieve the low noise rating and provide adequate filtering of 
the power supply. 



Figure 1. Basic Isolator Interconnection 


THEORY OF OPERATION 

The AD295 obtains its outstanding performance from a pulse 
width modulation technique using transformer coupling. This 
technique permits both signal and power transfer from input to 
the output stage of the isolator. Additionally, this technique 
provides higher noise immunity and lower nonlinearity than 
obtained from optically coupled or amplitude modulated trans¬ 
former coupled techniques. 

The three basic sections of the AD295 are shown in Figure 2. 
The power section 80kHz oscillator signal is transferred to the 
input and output sections via T2. The signal is then rectified 
and filtered providing dc power for that section’s circuitry and 
for external application use. The input section consists of input 
amplifier A1 and the input modulator attenuator circuit. A 
triangular waveform derived from the 80kHz oscillator is sent to 



the modulator. If the input signal of A1 is zero, the triangle 
wave remains symmetrical. If A1 moves away from zero, the 
triangle wave moves positive or negative becoming asymmetrical. 
These modulated signals are converted to a pulsed waveform 
and transferred to the output section via Tl. In the output 
section the signals are demodulated and filtered. The output 
amplifier A2 provides gain and additional filtering. 

INTERELECTRODE CAPACITANCE AND TERMINAL 
RATINGS 

Capacitance: Interelectrode terminal capacitance arises from 
stray coupling capacitance effects between the input terminals 
and signal output terminals. Each are shunted by leakage resistance 
values exceeding SOGH. Figure 3 illustrates the AD295*s capaci¬ 
tance between terminals. 

Terminal Ratings: CMV performance is given in both continuous 
ac, or dc peak ratings. Continuous peak ratings apply from dc 
up to the normal full power response frequency. Figure 3 illustrates 
the AD295’s ratings between terminals. Note that for the ± 2500V 
rating between the input and output terminals to apply, the 
AD295 must be used in a three port configuration. If the output 
common is tied to the power common, the input to output 
CMV rating is ± 2000V. 


47pF 




Figure 3. Interelectrode Capacitance and Terminal Ratings 

OFFSET AND GAIN ADJUSTMENT PROCEDURE 

The calibration procedure, illustrated in Circuits 1 and 2, shows 
the recommended techniques that can be used to minimize 
output error. In this example, the output span is - lOV to 
+ 10V. 

Offset Adjustment 

1. Configure the AD295 as shown in Circuit 1. G= 1. 

2. Apply Ein = 0V dc and adjust Rq for Eo = 0 volts. 

3. Configure the AD295 as shown in Circuit 2. G= 100. 

4. Apply Ein = 0V dc and adjust Ri for Eo = 0 volts. 

5. Repeat steps 1-4 if necessary. 

Gain Adjust 

6. Apply Ein= +0.1V dc adjust Rg for Eo= + lO.OOOV dc. 

7. Apply Ein= -O.IV dc and measure the output error (see 
Curve a.) 
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Figure 2. Basic Block Diagram 


NEW PRODUCTS - ICs 3-15 















8. Adjust Ro until the output error is one half that measured 
in step 6 (see Curve b). 

9. Apply Ein= +0.1V dc and adjust Rq until the output error 
is one half that measured in step 7 (see Curve c). 

10. Repeat steps 6-9 if necessary. 


OUTPUT OFFSET 
ADJUST 




SELECTING GAIN 

The AD295 basic gain is imity from input to output. All input 
signals are attenuated by 2.5 at the input modulator/attenuator 
then amplified at the output (see Figure 2). 

The AD295 contains both input and output amplifiers, the 
gains of which can be set independently. Figure 4 illustrates the 
basic gain configurations. Taking input gain helps dilute output 
stage offset drift and is recommended where offset drift is to be 
minimized since taking output gain multiplies output drift by 
the gain taken. Output gain can be used for improved linearity 
and frequency response at the expense of higher offset drift. 

Figure 4a illustrates the basic unity gain configuration. With the 
uncommitted input amplifier configured as a buffer and pins 22 
and 23 of the output amplifier jumpered, eo = es. 



Input to output gain greater than unity can be independently set 
at the input, output, or both. For input gain configuration see 
Figures 4b and 4c. Output gain configuration is shown in Figure 
4d. 



b. Basic Gain Noninverting Configuration 



c. input Gain inverting Configuration 



d. Output Gain Noninverting Configuration 
Figure 4. Input/Output Gain Configurations 


PERFORMANCE CHARACTERISTICS 
Phase Shift vs. Frequency: The phase shift vs. frequency re¬ 
sponse, for the AD295 is shown in Figure 5. 



10 100 Ik 10k 

FREQUENCY - Hz 


Figure 5. Typical AD295 - Phase Shift vs. Frequency 

CMR vs. Frequency: Input-to-output CMR is dependent on 
source impedance imbalance, input signal frequency and amplifier 
gain. CMR is rated at 60Hz and IkH source impedance imbalance 
at a gain of IVA^. Figure 6 illustrates the CMR vs. frequency 
for the AD295. CMR approaches 120dB at dc with a source 
impedance imbalance of IkO. 
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FREQUENCY - Hz 

Figure 6. Typical AD295 - CMR vs. Frequency 

Input Voltage Noise vs. Bandwidth: Voltage noise referred to 
the input is dependent on gain and bandwidth. Figure 7 illustrates 
the typical input noise in |xV peak-to-peak in a lOHz to lOkHz 
frequency range. 



10 100 1000 10,000 
BANDWIDTH - Hz 

Figure 7. Typical AD295 - input Voltage Noise vs. 
Bandwidth 

Output Voltage Noise vs. Bandwidth: Voltage noise referred to 
the output is dependent on gain, bandwidth, input and output 
noise contributions. Figure 8 illustrates the typical output noise 
in mV peak-to-peak in a lOHz to lOkHz frequency range. 



Figure 8. Typical AD295 - Output Voltage Noise i/s. 
Bandwidth 


Gain Nonlinearity vs. Output Swing: Linearity error is defined 
as the deviation of the output voltage from the best straight line 
and is specified as % peak-to-peak of output voltage span, e.g., 
nonlinearity of model AD295A operating at an output span of 
lOV peak-to-peak (± 5V) is ± 0.05% or ± 5mV. Figure 9 illustrates 
the gain nonlinearity for output swing up to ± lOV (20V peak-to- 
peak). 



0.01 0.1 10 20 
OUTPUT SWING - V/p-p 

Figure 9. Typical AD295 - Gain Nonlinearity vs. Output Swing 

Full Power Bandwidth vs. Gain: Figure 10 illustrates the full 
power bandwidth vs. gain for the AD295. A 1.4kHz full power 
response is possible with gain up to lOOVA''. 



G,n V/V,Gout=1 

Figure 10. Typical AD295 - Full Power Bandwidth vs. Gain 
Small Signal Bandwidth vs. Gain: Figure 11 illustrates the 
small signal bandwidth vs. gain for the AD295. The small signal 
response remains at 4.5kHz for gain up to lOOVA^. 



Figure 11. Typical AD295 - Small Signal Bandwidth vs. Gain 



Figure 12. Typical AD295 - Gain Nonlinearity vs. Gain 
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Isolated Strain Gauge Using Front End of AD295 

The AD295 can be used to condition and isolate differential 
signal sources like those present with strain gauge measurements. 
Figure 13 illustrates one possible configuration for conditioning 
a strain gauge. Amplifiers A1 and A2 are powered by the AD295’s 
input isolated power supply. This eliminates the need for a 
separate dc/dc converter and provides a completely floated differen¬ 
tial input. Input gain is selected via Rg and determined by the 
input gain formula. 



POWERED BY INPUT 
FLOATING SUPPLY 
A1/A2 = ADOP-07 


Figure 13. Isolated Strain Gauge Using Front End of 
AD295 

Isolated Temperature Measurement with Cold Junction 
Compensation 

The AD295 can be used to condition, isolate and provide cold 
junction compensation of thermocouples in temperature meas¬ 
urement applications. With the circuit shown in Figure 14, the 
AD590 must be thermally connected to the cold junction terminal 
for an accurate temperature measurement of the terminals. 

Using this circuit, accurate temperature measurements using the 
industry’s popular J type thermocouple can be made. 



Isolated Voltage-to-Current Loop Converter 
Illustrated in Figure 15, the AD295 is used to convert a 0 to 
+ lOV input signal to a standard 4-to-20n[iA current. Here high 
common-mode rejection and high common-mode voltage sup¬ 
pression are easily obtained with the AD295. The AD295 condi¬ 
tions the 0 to + lOV input signal and provides a proportional 
voltage at the isolator’s output. This output signal is converted 
to a 4-to-20mA current, which in turn is applied to the loop 
load Rload* 


+ 28V 



Figure 15. Isolated Voltage-to-Current Loop Converter 

Noise Reduction in Data Acquisition Systems 
In critical low noise applications like when an isolation amplifier 
precedes an analog to-digital converter, it may be desirable to 
add filtration, otherwise output ripple may cause inaccurate 
conversions. The 2-pole low-pass active filter shown in Figure 
16 limits isolator bandwidth of the AD295. The filter will reduce 
output ripple and provide smoothing of discontinuous high 
frequency waveforms. 



Figure 16. 2-Pole, 2kHz Active Filter 

Figure 14. Isolated Temperature Measurement with Cold 
Junction Compensation 
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ANALOG 

DEVICES 


Programmable Gain & T/H 
DAS Amplifier 



FEATURES 

Software Programmable Gain (1, 10, 100, 500) 

Low Input Noise (0.2pV p-p) 

Low Gain Error (0.05% max) 

Low Nonlinearity (0.005% max) 

Low Gain Drift (lOppm/^C max) 

Low Offset Drift (2pVrC RTI max) 

Fast Settling (15ps @ Gain 100) 

Small 16-Pin Metal DIP 

APPLICATIONS 

Digitally Controlled Gain Amplifier 
Auto-Gain Ranging Amplifier 
Wide Dynamic Range Measurement System 
Gain Selection/Channel Amplifier 
Transducer/Bridge Amplifier 
Test Equipment 

HIGHLIGHTS 

The AD365 is a two stage data acquisition system (DAS) front 
end consisting of a digitally selectable gain amplifier followed by 
an independent track/hold amplifier. The programmable gain 
amplifier features differential inputs for excellent common-mode 
rejection, high open loop gain for superior linearity, and fast 
settling for use in multiplexed high speed systems. The track/hold 
amplifier features high open loop gain for 12-bit compatible 
linearity, internal hold capacitor for high reliability, and fast 
acquisition time for use with multichannel systems. Both amplifiers 
are capable of being used separately and are specified as inde¬ 
pendent function blocks. 

GENERAL DESCRIPTION 

The AD365 is comprised of the AD625 monolithic precision 
instrumentation amplifier to provide a precision differential 
input, the AD7502 monolithic CMOS multiplexer to handle 
gain switching, a precision thin-film resistor network, and the 
AD585 monolithic track and hold amplifier with internal hold 
capacitor. 


AD365 FUNCTIONAL BLOCK DIAGRAM 





The input stage provides high common-mode rejection, low 
noise, fast settling at all gains, and low drift over temperature. 
The gains of 1, 10, 100, and 500 are digitally selected with the 
two gain control lines which are 5V CMOS compatible. 

The track and hold amplifier section is ideally suited for high 
speed 12-bit applications where fast settling, low noise, and low 
sample-to-hold offset are critical. The T/H mode is controlled 
with a single input line which can be tied to the status output 
line of the accompanying A/D converter. 
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SPECIFICATIONS (typical @ Yj 


±15V, Rl = 2kXl and = +25*1! unless otherwise specified) 


AD365AM 

Min 

Typ 

Max 

Units 

PGA GAIN 





Inaccuracy^ 





@G= 1,10,100 


0.02 

0.05 

! % 

@G-500 


0.04 

0.1 

% 

Nonlinearity 




■ 

@G=1,10,100 



0.005 

% 

@G-500 



0.01 

% 

Drift 





@G=1 


1 

5 

ppm/°C 

@G=10,100,500 


3 

10 

ppm/^C 

PGA OFFSET (May be Nulled at Input and Output) 





Input Offset Wtage (RTI) 


25 

200 

M.V 

vs. Temperature 


0.1 

2 

fxV/X 

vs. Conunon-Mode Voltage 


0.5 

3.2 


vs. Supply Voltage 


1 

10 


Output Offset Voltage (RTO) 


1 

5 


vs. Temperature 


30 

150 


vs. Common-Mode Voltage 


60 

316 

\lVIW 

vs. Supply Voltage 


60 

316 

\lWIW 

PGA INPUT 





Common- Mode and Differential Impedance 


10’||5 


niipF 

Differential Input Voltage, Linear 

10 

12 


V 

Common-Mode Voltage, Linear 


12 - Vdiff X G/2 


V 

Input Stage Noise 0.1 to lOHz 


0.2 


|xVp-p 

Input Stage Noise Density @ IkHz 


4 


nV/vIE 

Bias Current 


5 

50 

nA 

vs. Temperature 


50 


pA/°C 

Offset Current 


2 

20 

nA 

vs. Temperature 


20 


pA/"C 

Noise Current (0.1 to lOHz) 


60 


pAp-p 

PGA OUTPUT 





Voltage ZkflLoad 

10 

12 


V 

Output Impedance 


0.2 


n 

Short Circuit Current 


25 


mA 

Capacitive Load 


500 


pF 

Output Stage Noise 0.1 to lOHz 


10 


p.Vp-p 

Output Stage Noise Density @ IkHz 


75 


nV/VHz 

Guard Voltage 


(V^iN + V_ik)/2 


V 

Guard Offset 


-550 


mV 

PGA DYNAMIC RESPONSE 





Small Signal - 3dB 





G-1 


800 


kHz 

G=10 


400 


kHz 

G-lOO 


150 


kHz 

G = 500 


40 


kHz 

Full Power Bandwidth G = 1 @ Vo=20V p-p 


60 


kHz 

Slew Rate 


4 


V/|JLS 

Settling Time to 0.01% @ Vo=20V p-p 





G=l,10 


8 

10 

M'S 

G = 100 


12 

15 

ps 

G-500 


40 

50 

|XS 

Gain Switching Time 


1.5 


M'S 

Overdrive Recovery Time Vin=15V@G“1 


7 


|JLS 

PGA DIGITAL INPUTS 





Logic Low 

0 


0.8 

V 

Logic High 

3.0 


+ Vs 

V 

Current, Iinh or Iinl 


0.01 

1 

|jlA 
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AD365AM 

Min 

Typ 

Max 

Units 

TRACK AND HOLD AMPLIFIER SECTION 



TRANSFER CHARACTERISTICS 





Open Loop Gain Vq = lOV, Rl = 2k 

100k 

200k 


VIV 

Nonlinearity @ G = + 1 



0.005 

%FSR 

Output Voltage Rl = 2kD 

10 

12 


V 

Capacitive Load 


100 


pF 

Short Circuit Current 


25 


mA 

TRACK MODE DYNAMICS 





Acquisition Time to 0.01% lOV Step 


2 

3 

p.s 

20V Step 


4 

5 

|XS 

Small Signal Bandwidth - BdB 


2 


MHz 

Full Power Bandwidth (20V p-p) 


120 


kHz 

Slew Rate 


10 


V/M.S 

TRACK/HOLD SWITCHING 





Aperture Time 


35 


ns 

Aperture Uncertainty 


0.5 


ns 

Switching Transient 


40 


mV 

Settling Time to 2mV 


0.5 


|XS 

HOLD MODE 





Droop Rate® +25°C 


0.3 

1 

V/sec 

from T ambient to Tmax 


Doubles/10®C 


V/sec 

Feedthrough 


25 


|xV/V 

Pedestal, Offset @ + 25®C 


2 

3 

mV 

Over Temperature 


3 


mV 

T/H ANALOG INPUT 





Bias Current 


0.1 

2 ! 

nA 

Over T emperature 


0.2 

5 

nA 

Offset Voltage 



2 

mV 

Over T emperature 



3 

mV 

vs. Common Mode 


25 

100 

\yNN 

vs. Supplies 


100 

316 

\xNN 

Input Impedance 


10^2||io 


D||pF 

Noise Density @ IkHz 


50 


nV/VH^ 

Noise 0. IHz to lOHz 


10 


M-Vp-p 

T/H DIGITAL INPUT CHARACTERISTICS 





Logic Low (Hold Mode) 

0 


0.8 

V 

Logic High (Track Mode) 

2.0 


+ Vs 

V 

Input Current 


10 

50 

|xA 

AD365 POWER REQUIREMENTS 





Positive Supply Range 

+ 11 


+ 17 

V 

Negative Supply Range 

-11 


-17 

V 

Quiescent Current 


12 

16 

mA 

Power Dissipation 


360 

550 

mW 

Warm-Up Time to Specification 


5 


Minutes 

Ambient Operating Temperature 

-25 


+ 85 

°C 

Package Thermal Resistance (Ojg) 


60 


®c/w 

AD365 ABSOLUTE MAXIMUM RATINGS 





Positive Supply + Vs 

-0.3 


+ 17 

Vdc 

Negative Supply - Vs 

+ 0.3 


-17 

Vdc 

Analog Input Voltage 

-Vs 


+ Vs 

V 

Analog Input Current 

-10 


+ 10 

mA 

Digital Input Voltage 

-0.3 


+ Vs 

V 

T/H Differential Vin 



±30 

V 

Storage Temperature 

-65 


+ 150 

®C 

Lead Soldering, 10 Sec 



300 

°C 

Short Circuit Duration 


Indefinite 

_ 1 



NOTE 

^Gain = 10,100 and 500 are trinuned and tested ratiometric to G = 1. Specifications subject to change without notice. 
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AVos FROM FINAL VALUE 


TYPICAL CHARACTERISTICS 



Figure 1. AD365 Quiescent 
Current vs. Supply Voltage 



0 10 100 Ik 10k 100k 10M 


Figure 4. PGA CMRR vs. 
Frequency RTh Zero to IkQ 
Source Imbalance 



0 1.0 2.0 3.0 4.0 5.0 6.0 7.0 8.0 


WARM-UP TIME - Minutes 

Figure 7. PGA Offset Voltage, 
RTI, Turn On Drift 



Figure 10. PGA Input Bias 
Current vs. Temperature 


(@ +25®unless otherwise noted) 



FREQUENCY - Hz 


Figure 2. PGA RTI Noise 
Spectra! Density vs. Gain 



FREQUENCY - Hz 


Figure 5. PGA Large Signal 
Frequency Response 



FREQUENCY - Hz 


Figure 8. PGA PSRR vs. 
Frequency 



Figure 11. PGA Large Signal 
Pulse Response and Settling 
Time, G= 100 



1 10 100 Ik 10k 100k 


FREQUENCY - Hz 

Figures. PGA Input Current 
Noise 



100 Ik 10k 100k 1M 10M 


FREQUENCY - Hz 

Figure 6. PGA Gain vs. 
Frequency 



Figure 9. PGA Settling Time 
to 0.01% 
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The AD365 PGA section uses the AD625 monolithic instrumen¬ 
tation amplifier based on a modification of the classic three-op-amp 
approach. Monolithic construction and laser-wafer-trimming 
allow the tight matching and tracking of circuit components. 
This insures the high level of performance inherent in this circuit 
architecture. 

A preamp stage (Q1-Q4) provides additional gain to A1 and A2. 
Feedback from the outputs of A1 and A2 forces the collector 
currents of Q1-Q4 to be constant, thereby, impressing the input 
voltage across Rg- This creates a differential voltage at the outputs 
of A1 and A2 which is given by the gain (2 Rf/Rg +1) times 
the differential portion of the input voltage. The unity gain 
subtractor, A3, removes any common-mode signal from the 
output voltage yielding a single ended output, Vout> referred to 
the potential at the reference pin. 

Digital gain control is provided using the DO and D1 inputs 
(pins 14 and 15) which are decoded internally in the gain switching 
AD7502 as shown in Figure 15 below. The switch selects the 
resistance Rg from the laser trimmed resistor network according 
to the following gain select table. 

D1 DO PGA GAIN 

0 0 1 

0 1 10 

1 0 100 

1 1 500 



-Vs 


Figure 13. Simplified Circuit of the PGA 

INPUT PROTECTION 

Differential input amplifiers frequently encounter input voltages 
outside of their linear range of operation. There are two consid¬ 
erations when applying input protection for the PGA; 1) that 
continuous input current must be limited to less than 10mA and 
2) that input voltages must not exceed either supply by more 
than one diode drop (approximately 0.6V @ 25°C). 

Under differential overload conditions there is (Rg + 300)0 in 
series with two diode drops (approximately 1.2V) between the 
plus and minus inputs, in either direction. With no external 
protection and Rg very small (i.e., 800 @ G = 500), the maximum 
overload voltage the PGA can withstand, continuously, is ap¬ 
proximately ± 5V. Figure 14 shows the external components 


+ Vs 



-Vs 


Figure 14. Input Protection Circuit for PGA 
necessary to protect the PGA under all overload conditions at 
any gain. The diodes to the supplies are only necessary if input 
voltages outside of the range of the supplies are encountered. 

REFERENCE TERMINAL 

The reference terminal may be used to offset the output by up 
to ±2V. This is useful when the load is “floating” or does not 
share a ground with the rest of the system. It also provides a 
direct means of injecting a precise offset. It must be remembered, 
however, that the total output swing, to be shared between 
signal and reference offset, should be ± 10 volts (from ground). 

The PGA section reference terminal must be presented with 
nearly zero impedance. Any significant resistance, including 
those caused by PC layouts or other connection techniques, will 
increase the gain of the noninverting signal path, thereby, upsetting 
the common-mode rejection of the In-Amp. Inadvertent ther¬ 
mocouple connections created in the sense and reference lines 
should also be avoided as they will directly affect the output 
offset voltage and output offset voltage drift. 

In the AD625, a reference source resistance will unbalance the 
CMR trim by the ratio of lOkO/RREF- For example, if the reference 
source impedance is lO, CMR will be reduced to 80dB (lOkfi/lD 
= 80dB). An operational amplifier may be used to provide the 
low impedance reference point as shown in Figure 15. The 
input offset voltage characteristics of that amplifier will add 
directly to the output offset voltage performance of the in¬ 
strumentation amplifier. 



Figure 15. Software Controllable Offset 
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The circuit of Figure 15 also shows a CMOS DAC operating in 
the bipolar mode and connnected to the reference terminal to 
provide software controllable offset adjustments. The total offset 
range is equal to ± (Vref/2 x R 5 /R 4 ). To be symmetrical about 
OV, R 3 must be equal to 2 x R 4 . 

The offset per bit is equal to the total offset range divided by 
2^, where N = number of bits of the DAC. The range of offset 
for Figure 15 is ± 120mV, and the offset is incremented in steps 
of0.9375mV/LSB. 

INPUT AND OUTPUT OFFSET VOLTAGE 

Offset voltage specifications are often considered a figure of 
merit for instrumentation amplifiers. While initial offset may be 
adjusted to zero, shifts in offset voltage due to temperature 
variations will cause errors. Intelligent systems can often correct 
for this factor with an auto-zero cycle, but this requires extra 
circuitry. 

Offset voltage and offset voltage drift each have two components: 
input and output. Input offset is that component of offset that 
is generated at the input stage. Measured at the output it is 
directly proportional to gain, i.e., input offset as measured at 
the output at G = 100 is 100 times greater than that measured 
at G = 1. Output offset is generated at the output and is constant 
for all gains. Input errors dominate at high gains and output 
errors dominate at low gains. 

By separating these errors, one can evaluate the total error inde¬ 
pendent of the gain. For a given gain, both errors can be combined 
to give a total error referred to the input (RTI) or output (RTO) 
by the following formula: 

Total Error RTI = input error + (output error/gain) 

Total Error RTO = (Gain x input error) + output error 

The AD365 provides for input offset voltage adjustment (see 
Figure 16). This simplifies nulling in very high precision appli¬ 
cations and minimizes offset voltage effects in switched gain 
applications. In such applications the input offset is adjusted 
first at the highest programmed gain, then the output offset is 
adjusted at G = 1 . If only a single null is desired, the input 
offset null should be used. The most additional drift when using 
only the input offset null is 0.9|xV/°C, RTO. 

Output offset adjustment is normally provided by the A/D con¬ 
verter offset adjustment which will compensate for the output 
offset of the PGA, offset of the T/H amplifier, and offset of the 
A/D. 



Figure 16. Input Voltage Offset Adjustment 

COMMON-MODE REJECTION 

In an instrumentation amplifier, degradation of common-mode 
rejection is caused by a differential phase shift due to differences 
in distributed stray capacitances. In many applications shielded 



Figure 17. Common-Mode Shield Driver 


cables are used to minimize noise. This technique can create 
common-mode rejection errors unless the shield is properly 
driven. Figure 17 shows active data guards which are configured 
to improve ac common-mode rejection by “bootstrapping” the 
capacitances of the input cabling, thus minimizing differential 
phase shift. 

GROUNDING 

In order to isolate low level analog signals from a noisy digital 
environment, many data-acquisition components have two or 
more ground pins. These grounds must eventually be tied together 
at one point. It would be convenient to use a single ground line, 
however, current through ground wires and pc runs of the circuit 
card can cause hundreds of millivolts of error. Therefore, separate 
ground returns should be provided to minimize the current flow 
from the sensitive points to the system ground (see Figure 18). 
Since the AD365 output voltage is developed with respect to the 
potential on the reference terminal, it can solve many grounding 
problems. 



Figure 18. Basic Grounding Practice 

GROUND RETURNS FOR BIAS CURRENTS 

Input bias currents are those currents necessary to bias the 
input transistors of a dc amplifier. There must be a direct return 
path for these currents, otherwise they will charge external 
capacitances, causing the output to drift uncontrollably or saturate. 
Therefore, when amplifying “floating” input sources such as 
transformers, or ac-coupled sources, there must be a dc path 
from each input to ground as shown in Figure 19. 


+ Vs 



Figure 19a. Ground Returns for Bias Currents with 
Transformer Coupled Inputs 


+ Vs 



Figure 19b. Ground Returns for Bias Currents with ac 
Coupled Inputs 
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AUTO-ZERO CIRCUITS 

In many applications it is necessary to maintain high accuracy. 
At room temperature, offset effects can be nulled by the use of 
offset trimpots. Over the operating temperature range, however, 
offset nulling becomes a problem. For these applications the 
auto-zero circuit of Figure 20 provides a hardware solution. 


+ Vs 



Figure 20. Auto-Zero Circuit 

OTHER CONSIDERATIONS 

One of the more overlooked problems in designing ultra-low-drift 
dc amplifiers is thermocouple induced offset. In a circuit comprised 
of two dissimilar conductors (i.e., copper, kovar), a current 
flows when the two junctions are at different temperatures. 
When this circuit is broken, a voltage known as the “Seebeck” 
or thermocouple emf can be measured. Standard IC lead material 
(kovar) and copper form a thermocouple with a high thermoelectric 
potential (about 35(xV°C). This means that care must be taken 
to insure that all connections (especially those in the input circuit 
of the AD365) remain isothermal. This includes the input leads 
(1, 2). In addition, the user should also avoid air currents over 
the circuitry since slowly fluctuating thermocouple voltages will 
appear as “flicker” noise. 

The base emitter junction of an input transistor can rectify out- 
of-band signals (i.e., RF interference). When amplifying small 
signals, these rectified voltages act as small dc offset errors. In 
the case of a resistive transducer, a capacitor across the input 
working against the internal resistance of the transducer may 
suffice to provide an RC filter. These capacitances may also be 
incorporated as part of the external input protection circuit (see 
section on input protection). As a general practice every effort 
should be made to match the extraneous capacitance at pins 1 
and 2, to preserve high ac CMR. 

THEORY OF OPERATION ~ T/H SECTION 

In sampled data systems there are a number of limiting factors 
in digitizing high frequency signals accurately. Figure 21 shows 
pictorially the track-and-hold errors that are the limiting factors. 
In the following discussions of error sources the errors will be 
divided into the following groups: 1. Track-to-Hold Transition, 
2. Hold Mode and 3. Hold-to-Track Transition. 



LOGIC INPUT 


Figure 21. Pictorial Showing Various T/H Characteristics 

TRACK-TO-HOLD TRANSITION 

The aperture delay time is the time required for the track-and-hold 
amplifier to switch from track to hold. Since this is effectively a 
constant, it may be tuned out. If however, the aperture delay 
time is not accounted for then errors of the magnitude as shown 
in Figure 22 will result. 



Figure 22. Aperture Delay Error i/s. Frequency 


To eliminate the aperture delay as an error source the track-to-hold 
command may be advanced with respect to the input signal. 

Once the aperture delay time has been eliminated as an error 
source then T/H trigger uncertainty/jitter and internal aperture 
jitter which are the variations in aperture delay time from sample- 
to-sample remain. The aperture jitter is a true error source and 
must be considered. The aperture jitter is a result of noise within 
the switching network which modulates the phase of the hold 
command and is manifested in the variations in the value of the 
analog input that has been held. The aperture error which results 
from this jitter is directly related to the dV/dt of the analog 
input. 

The error due to aperture jitter is easily calculated as shown 
below. The error calculation takes into account the desired 
accuracy corresponding to the resolution of the N-bit A/D 
converter. 

2-(N-h) 

TT (Aperture Jitter) 
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For an application with a 12-bit A/D converter with a lOV full 
scale to a 1/2LSB error maximum: 


2 -02+1) 

TT (0.5x10-9) 


77.7kHz 


Track-to-hold offset is caused by the transfer of charge to the 
holding capacitor via the gate capacitance of the switch when 
switching into hold. Since the gate capacitance couples the 
switch-control voltage applied to the gate on to the hold capacitor, 
the resulting track-to-hold offset is a function of the logic level 
applied to the gate and the change in the gate capacitance over 
temperature. 

HOLD MODE 

In the hold mode there are two important specifications that 
must be considered; feedthrough and the droop rate. Feedthrough 
errors appear as an attenuated version of the input at the output 
while in the hold mode. Hold-Mode feedthrough varies with 
frequency, increasing at higher frequencies. Feedthrough is an 
important specification when a track and hold follows an analog 
multiplexer that switches among many different 
channels. 


Hold-mode droop rate is the change in output voltage per unit 
of time while in the hold mode. Hold mode droop originates as 
leakage from the hold capacitor, of which the major leakage 
current contributors are switch leakage current and bias current. 
The rate of voltage change on the capacitor dV/dt is the ratio of 
the total leakage current II to the hold capacitance Ch- 


Droop Rate = 


(Volts/Sec) = 


Il(pA) 

Ch(pF) 


For the AD365 in particular; 


Droop Rate = 


lOOpA 

lOOpF 


= 1 V/sec maximum 


Additionally the leakage current doubles for every 10°C increase 
in temperature above 25°C; therefore, the hold-mode droop rate 
characteristic will also double in the same fashion. 

Since a track and hold is used typically in combination with an 
A/D converter, then the total droop in the output voltage has to 
be less than 1/2LSB during the period of a conversion. The 
maximum allowable signal change on the input of an A/D converter 
is: 

AV max = FuM Scale Voltage 

2 (N + 1 ) 

Once the maximum AV is determined then the conversion time 
of the A/D converter (tcoNv) is required to calculate the maximum 
allowable dV/dt. 

dV max _ AV max 
dt tCONV 

dV max 

The maximum —^— as shown by the previous equation is 

the limit not only at 25°C but at the maximiun expected operating 
temperature range. Therefore, over the operating temperature 
range the following criteria must be met (Toperation -25®C) 

= AT. 

(AT°C) 

dV 25X . io°c dV max 

—r X 2 < 7— 


HOLD-TO-TRACK TRANSITION 

The Nyquist theorem states that a band-limited signal which is 
sampled at a rate at least twice the maximiun signal frequency 
can be reconstructed without loss of information. This means 


that a sampled data system must sample, convert and acquire 
the next point at a rate at least twice the signal frequency. Thus 
the maximum input frequency is equal to 

f ^ __ 1 _ 

MAX 2(Tacq + Tconv + Tap) 

Where Tacq is the acquisition time of the sample-to-hold 
amplifier. Tap is the maximum aperture time (small enough to 
be ignored) and Tconv is the conversion time of the A/D 
converter. 


DATA ACQUISITION SYSTEMS 

The fast acquisition time of the AD365 when used with a high 
speed A/D converter allows accurate digitization of high frequency 
signals and high throughput rates in multichannel data acquisition 
systems. The AD365 can be used with a number of different 
A/D converters to achieve high throughput rates. Figures 23 
and 24 show the use of an AD365 with the AD578 and 
AD574A. 



58.8kHz Max Signal Input 



Throughput Rate, 13.1kHz Max Signal Input 

PACKAGE DIMENSIONS 

Dimensions shown in inches and (mm). 


16-PIN DUAL-IN LINE METAL PACKAGE 



—^ 

0.21515.46) 

6.176(4.45) 


\. GLASS BEAD 
STAND-OFFS 
(0.025 HEIGHT TYP) 


^ k 


-Ik 


Hermetically Sealed 16-Pin Duai-ln-Line (Gross Leak Tested 
perMIL-STD-883, Method 1014). Pin 6 is Electrically Connected 
to the Case. Case Has Metal Bottom Surface. 
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n ANALOG 

High Resolution 

Ld DEVICES 

Programmable Gain DAS 


AD367 


FEATURES 

Differential Input - Programmable Gain Amplifier 

6 Bit (1 of 64) Gain Control 

Internal - 10V Reference 

15 Bit Integral Nonlinearity 

±305p.V Resolution 

10ms Conversion Time 

External Integration Capacitor 

Programmable Conversion Time 

APPLICATIONS 
Medical Instruments 
Blood Analyzers 
Analytical Instrumentation 
Data Acquisition Systems 
Chromatography 
Process Control 

PRODUCT DESCRIPTION 

The AD367 is a wide dynamic range integrated circuit which 
contains all the analog functions needed to construct a high 
resolution, high accuracy integrating Data Acquisition System. 

It utilizes hybrid technology to incorporate a programmable gain 
amphfler, integration amplifier, - lOV reference, comparator, 
and control logic in a 24-pin hermetic dual-in-line package. 

The programmable gain amplifier provides 6 bits (1 of 64) gain 
control which are digitally selectable with CMOS voltage levels. ,, 
The dual slope converter uses time to quantitize the analog 
input signal. The differential front-end allows true diffeijphj^ V " 
inputs with high common-mode rejection, or single^nde^ inphis 
with ground sense capability. This conversion teclmique has 
inherent high frequency noise immunity and exipellej^t horm^ 
mode noise rejection at frequencies that htte^ multiples of 
1 /T 1 (Ti = the signal integration period)- The convetpon accuracy 
is independent of both the integration capacitance and cloqk 
frequency, since they affect both the signal integration phase 
and reference integration phase in the same ratio. A microprocesaor 
and software routine or any digitizing timer that accepts TTL 
inputs can be used to count clock pulses to digitize the AD367 
output. The integration capacitor is external, therefore conversion 
time may be adjusted by the user. The nominal value is O.OUpiF 
for an integration time of 4ms and total conversion time of 
10ms. By choice of integration capacitor and clock frequency 
the integration time is programmed from a minimum of 2ms to 
a maximum of 20ms. The maximum conversion rate is 200 per 
second. 


AD367 FUNCTIONAL BLOCK DIAGRAM 
AND PIN DESIGNATION 

INTEGRATION 



PRODUCT HIGHLIGHTS 

1 . The AD367KM provides true 15-bit (±0.00305% FSR 
maxitnipa linearity error) performance with 305|xV 
resolm^n* 

Za 'tt^i^iferential input programmable gain amplifier front end 
6 -bit (1 of 64) gain control. This provides gains of 
6.282V/y. to 2AVrWi or input full scale ranges of 0.417V to 
10 #y fot maximum flexibility. 

3. Tliie int^ation capacitor is external. Conversion time is 

. U^r^rogrammable, from 2ms to 20ms. The maximum con¬ 
version rate is 200 conversions per second. 

4. d^ slope integration conversion technique provides 
suj^riof high frequency noise inununity, and excellent normal 
mode noise rejection of frequencies which are multiples of 

; die inverse of the integration period. 

5. An internal precision - lO.OV reference is provided, but an 
external reference may be used for multi-channel applications 
where use of a system reference is required. 

6 . The pulse-width output is easily converted to digital binary 
format by the addition of external IC counter-timers. The 
counter clock rate is independent of the integrator clock rate. 
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SPECIFICATIONS 


(typical® +25®C,Vs = ±15V, +5Y,T1 = 4.000ms, C|nt = 0.012fjLF unless otherwise noted) 


Parameter 

1 Min 

AD367KM 

Typ 

Max 

Units 

ACCURACY/RESOLUTION 





Integral Nonlinearity Error * 

1 


0.00305 

%FSR 

Resolution ^ 

±305 




ANALOG INPUTS 





VlNPUT 

0 


10 

V 

Input Resistance 

80 



kn 

Common Mode Rejection Ratio^ 

90 

100 


dB 

Vref Input Resistance 

300 



ka 

Shorting Switch Isolation"^ 

45 

56 


dB 

DIGITAL INPUTS 





Clock 





ViNH 

2 



V 

Vinl 



0.7 

V 

Gain Bits^ 





Vinh 

14.5 



V 

Vinl 



0.7 

V 

DIGITAL OUTPUT (LSTTL Compatible) 





VoH 

2.4 



i V 

VoL 



0.4 

V 

loH 

-370 



p,A 

loL 



6 

mA 

DYNAMIC PERFORMANCE 





Conversion Time 



10 

ms 

Offset Pulse Width^ 

152 

200 

248 

ps 

Scale Factor 

361 

384 

407 

fxs/V 

Over Temperature 


±10 


ppm/°C 

PSRR^ 





+ 15V±3% 


0.5 


jxsAf^ 

-15V ±3% 


0.5 


|xsA^ 

+ 5V±3% 


1 


|xsA^ 

PROGRAMMABLE GAIN AMPLIFIER'' 





Maximum Gain 


24 


V/V 

Minimum Gain 


0.282 


WfV 

Resolution 



6 

Bits 

Gain Error, Any Range 



±2 

% 

Gain Linearity Error 



±0.00305 

%FSR 

INTERNAL VOLTAGE REFERENCE 





Vref 

-9.95 

-10 

-10.05 

V 

vs. Temperature 


10 

15 

ppm/°C 

Maximum External Current without Degradation 



500 

|xA 

POWER REQUIREMENTS 





Positive Supply Range 

14.55 

15 

15.45 

V 

Negative Supply Range 

-14.55 

-15 

-15.45 

V 

Logic Supply Range 

4.75 

5 

5.25 

V 

Supply Current 





+ 15V 


18 


mA 

-15V ! 


23 


mA 

+ 5V 


27 


mA 

Power Dissipation 


750 

1100 

mW 

TEMPERATURE RANGE 





Specification 

0 


70 

"C 

Operating 

-25 


+ 85 

°C 

Storage 

-55 


+ 125 

"C 

PACKAGE 

24-Pin Double-DIP 



NOTES 

‘ Referenced to the input. 

^Referenced to the output of the progranunable gain stage (Pin 4). 
^Source impedance < in 0 to lOV 
'*Ainl (Pin 2) at analog ground. 

*Open collector TTL and 15V CMOS compatible. 


^Offset Pulse width (Vn^ = OV) =- — -- • Riisrr 2 = 327kn nominal. 

''REF 

^ViN = 10V, Gain = 1.03. 

. 24 X (128 X B1 + 64 X B2 + 32 X B3 + 16 X B4 4- 8 X B5 + 4 X B6 + 3) 

Gai„= — 

Specifications subject to change without notice. 
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Complete 

rm ANALOG 

Programmable Gain 

U DEVICES 

12-Bit Data Acquisition System 


AD369 


FEATURES 

Includes: Programmable Gain Instrumentation 
Amplifier Track and Hold Amplifier 
12-Bit A/D Converter 
Digitally Controlled Gain (1,10,100, 500) 

50kHz Throughput Rate 
Small Size: 28-Pin Metal Hermetic Double DIP 
Guaranteed No Missing Codes Over Temperature 
True 12-Bit Linear; Error <1/2LSB (B-Grade) 

Unipolar or Bipolar Operation 
Low Power: 775mW 
Differential Input 
Internal Hold Capacitor 

APPLICATIONS 

Computer Based Data Acquisition Systems 
Wide Dynamic Range Measurement Systems 
Test Equipment (ATE) 

Analytic and Medical Instruments 

Multi-Channel Systems With High/Low Level Signals 

PRODUCT DESCRIPTION 

The AD369 is a wide dynamic range data acquisition system IC 
which conditions and subsequently converts an analog signal to, 
a 12-bit digital word. It utilizes hybrid technology to incorporate 
a programmable gain amplifier, a track-and-hold amplifier, and 
a 12-bit analog-to-digital converter into a 28-pin dual in-line 
package; 

The software progranunable gain amplifier (PGA) allows the 
user to choose full-scale voltage ranges of lOV, IV, lOOmV and 
20mV. Signals of 5|xV can be resolved in the G = 500 mode, 
giving the AD369 a dynamic range of 126dB. Precision differential 
inputs provide the AD369 with an excellent common-mode 
rejection capability. 

The track-and-hold amplifier (T/H) features excellent linearity, 
low noise and a fast acquisition time. The T/H has an internal 
hold capacitor. 


AD369 FUNCTIONAL BLOCK DIAGRAM 



The successive approximation analog-to-digital converter (ADC) 
features true 12-bit operation, with 0.012% max nonlinearity (B- 
grade). The ADC is guaranteed to have no missing codes within 
the temperature range of - 25®C to + 85°C. The user can select 
bipolar or unipolar operation to digitize both ac and dc input 
signals. 

The AD369 provides a completely specified and tested function 
in a space saving 28-pin metal hermetic package for system 
designers with cost, space, and time constraints. 
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SPECIFICATIONS 


(typical @ +25% Vj = ±15V. +5V, 


63X1 and R(B/P) = 31X1 unless odieiwise noted) 




AD369AM Grade I 

AD369BM Grade I 


Parameter 

Min 

Typ 

Max 

Min Typ 

Max 

Units 

ANALOG INPUT 







Voltage Range, Unipolar (G = 1 ) 

0 


+ 10 

* 

★ 

V 

Voltage Range, Bipolar (G = 1) 

-5 


+ 5 

■k 

★ 

V 

Common-Mode Voltage 


12-(VdiffXG/2) 


★ 


V 

Resistance 


10^ 


★ 


n 

Capacitance 


5 


★ 


pF 

Bias Current (Ib) 


10 

50 

★ 

25 

nA 

Ib vs. Temperature 


50 


★ 


pA/°C 

Input Offset Current (los) 


2 

20 

★ 

10 

nA 

los vs. Temperature 


20 


★ 


pA/°C 

Noise Current (0.1 to lOHz) 


60 


★ 


pAp-p 

Output Offset Voltage (Vqs)^ 


5 + 0.02XG 

25 + 0.2XG 

★ 

lO + O.lxG 

mV 

Vos vs. Temperature 


70 + 0.2XG 

300 +2.0 xG 

★ 

★ 

iiwrc 

Vos vs. Common-Mode Voltage^ 


60 + 0.5XG 

320 +3.2 xG 

★ 

150+1.5XG 

fjiVA^ 

Vos vs. Supply Voltage^ 


100+1.0 xG 

2300+lOxG 

★ 

1000 + 4XG 

iivrv 

Output Noise Voltage (rms) 







G=1 


250 


★ 


iiV 

G = 10 


260 


★ 


M-V 

G=100 


340 


★ 


M-V 

G = 500 


600 


★ 



DIGITAL INPUTS'* 







ViH 

3.0 


Vcc 

★ 


V 

V,L 

0.0 


0.8 

★ 

★ 

V 

IlH> IlL 


0.01 

1.0 

★ 

★ 

|xA 

C/S Pulse Width 

50 



★ 


ns 

DIGITAL OUTPUTS, 12-BIT PARALLEL 







VoH @ loH = “ 40fiA 

3.6 

5.0 


•k k 


V 

VoL@IoL— 1.6mA 


0.2 

0.4 

★ 

★ 

V 

SIGNAL DYNAMICS 







Conversion Time (tc) 


12 

15 

★ 

★ 

|XS 

tc vs. Temperature 


+ 20 


★ 


ns/°C 

System Throughput Rate^ 







G=l,10 



50 


★ 

kHz 

G=100 



50 


k 

kHz 

G = 500 



20 


k 

kHz 

Gain Switching Time 


1.5 

2.0 

★ 

k 

p.s 

PGA Settling Time (to 1/2LSB) 







G=l,10 


8 

10 

k 

k 

\x,s 

G=100 


12 

15 

k 

* 

|XS 

G = 500 


40 

50 

k 

★ 

|xs 

Amplifier - 3dB Bandwidth 







G=1 


1000 


k 


kHz 

G=10 


400 


k 


kHz 

G=100 


150 


k 


kHz 

G = 500 


40 


k 


kHz 

T/H Acquisition Time (tAcq to 1/2LSB) 



3 


* 

|XS 

T/H Aperture Delay Time (tAp) 


230 

350 

k 

★ 

ns 

tApVS. Temperature 


+ 0.5 


k 


ns/°C 

Aperture Jitter 


1 


k 


ns 

Feedthrough 


25 


k 


M.VA/ 

ACCURACY 







Integral Nonlinearity 


0.30 

0.75 

★ 

0.5 

LSB 

Differential Nonlinearity (DNL)^ 


0.30 

0.90 

★ 

0.5 

LSB 

DNLat+SSX 


0.4 

1 

0.4 

0.8 

LSB 

Monotonic Temperature Range 

-25 


+ 85 

* 

★ 

°C 

Total Gain Error @ G = 1 


0.05 

0.5 

k 

0.2 

% 

@ Other Gains Referred to G = 1 


0.01 

0.1 

k 

0.05 

% 

Gain VS. Temperature @ G = 1 


3 

30 

k 

★ 

ppm/°C 

@ Other Gains Referred to G = 1 


3 

10 

k 

k 

ppm/°G 

Gain vs. Supply Voltage 







Vp ± 10% 


10 

30 

k 

k 

ppm/% 

Vn ± 10% 


5 

30 

k 

k 

ppm/% 

Vcc±10% 


5 

15 

k 

k 

ppm/% 
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AD369AM Grade 


REFERENCE 
Voltage (Vref) 

Vref vs. Temperature 
Internal Resistance 
External Load 

POWER REQUIREMENTS 
Positive Supply Range 
Negative Supply Range 
Logic Supply Range 
Supply Current, Vin = lOV, fc = 50kHz 
+ 15V 
-15V 
+ 5V 

Power Consumption 
THERMAL RESISTANCE (J-A) 


NOTES 

*Same specifications as AD369AM. 

‘Offset voltage applies to both bipolar and unipolar operating modes. 

^VcM- ±10V. 

3Vs = ± 10%. 

‘‘For digital inputs, pull-up resistors needed (typ Skfl) when interfacing with TTL/DTL logic. 
^Assumes pipelining, i.e., signal is inputted to I. A. when T/H goes into hold mode, allowing voltage 
to settle concurrently with A/D conversion (see timing diagram). 

^Includes T/H droop rate. 

Specifications subject to change without notice. 


Min 

Typ 

Max 

6.28 

6.30 

6.32 



20 


2 

0.5 

+ 13.5 

15 

16.5 

-13.5 

-15 

-16.5 

4.5 

5.0 

5.5 


20 

25 

-35 

-30 



5 

10 


775 


25 


AD369BM Grade 


Min Typ Max 

Units 

* ★ ★ 

V 

★ 

ppm/°C 

★ 

a 

★ 

mA 


ABSOLUTE MAXIMUM RATINGS 


Parameter 

Min 

Max 

Units 

Positive Supply, Vp 

-0.3 

+ 17 

V 

Negative Supply, Vn 

+ 0.3 

-17 

V 

Digital-to-Analog Ground 

-1 

+ 1 

V 

Logic Supply 

-0.3 

+ 7 

V 

Analog Input (Either) 

Vn 

Vp 

V 

Analog Input Current 

-20 

+ 20 

mA 

Lead Soldering, 10 sec 


+ 300 


Operating Temperature Range 
to Specifications 

-25 

+ 85 


Operating Temperature Range 
with Derated Specifications 

-55 

+ 125 


Storage Temperature 

-65 

+ 150 
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LOGIC OUTPUTS TYPICAL PERFORMANCE GRAPHS 



OUTPUT SINK CURRENT- mA 


Logic Low Level Output Voltage vs. Sink Current 



OUTPUT SINK CURRENT- mA 


Logic Low Level Output Voltage vs. Sink Current 


AMPLIFIER LARGE SIGNAL RESPONSE 



lOfxs/DIV. 

AD369 Input Stage Output Voltage 



OUTPUT SOURCE CURRENT - mA 


Logic High Level Output Voltage vs. Source Current 



OUTPUT SOURCE CURRENT - mA 


Logic High Level Output Voltage vs. Source Current 
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AD369 Input Stage Settling Time 
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Theory of Operation 


ANALOG INPUT 

An analog multiplexer and resistor network form the gain switching 
circuit of the PGA. As shown in Table I, the user selects a gain 
according to the state of binary address inputs GO and Gl. 

Also shown in the table is the input range data. The full-scale 
range of the DAS is lOV, and an LSB value is 4.88fjLV in the 
gain 500 mode; therefore, the dynamic range of the AD369 is 
126dB. 

The PGA uses a monolithic instrumentation amplifier, which is 
based on the classic three-op-amp approach. The differential 
analog input is amplified, according to gain selection, by two 
input op amps. The third amplifier, a unity gain subtractor, 
removes any common-mode signal and yields a single-ended 
output. 

DATA CONVERSION 

The track-and-hold amplifier is a monolithic device with an 
internal hold capacitor. It has an acquisition time of =^3|xs. 

Input signals are digitized using a successive-approximation A/D 
converter. The rising (L to H) edge of the Convert Start pulse 
resets the internal flip-flops of the SAR. The falling (H to L) 
edge of the pulse initiates the conversion. After an aperture 
delay of 230ns, the track and hold amplifier goes into the hold 
mode, and the Status output goes High, indicating a conversion 
is in progress. Conversion time from the falling edge of the CS 


“ssr /\/\/'-|vV\AA/V\A/\/'^ 

1 

i 

SELECT CODE AWVW _ 




ANALOG OUTPUT /\ A 
VOLTAGE OF THE / \ / \ 
AD369 PROGRAMMABLE \ / \ 
INPUT AMPLIFIER y \ 

CONVERT/START 

PULSE ______ 

•- GAIN SWITCHING 3 2|jis 

«- DON'T CARE .-J 


|«iPGA 8> T/H SETTLING TIME* 

:s IVs u, G = 1, 10 
Sl6ns(« G = 100 
s; 50(15 1" G = 500 

-H 

VOLTAGE BEING HELD BY T/H 

•-tcs a 50ns 


— 


APERTURE DELAY s 350ns 

1-1 

1 

STATUS OUTPUT 


J 1 

CONVERSION TIME 15|is -^ 

DATA VALID 

B1 TO B12 DATA 

OUTPUT AAAW_ 

t = 0 U 

VALID OLD DATA 

- MAXIMUM CONVERSE 

lOOOOMOOOOOOOOOOOOOOOOOOOOOC 

)N TIME: E 28(is «. G=1. 10 -^ 

NEW DATA 

1 


■s 33|JIS(.< G = 100 
s 67(15 <« G = 500 


Figure la. AD369 Timing Diagram Without Pipelining 


pulse is 15|xs, maximum. A low output on the Status line indicates 
that the conversion is complete. The data at the output is valid 
at least 15ns before the Status goes low (see timing diagram). 
This gives sufficient setup time so that data may be latched to 
an external register on the falling edge of the Status pulse. The 
T/H amplifier returns to the tracking mode when the Status line 
goes low. Data is valid at the output until the next falling edge 
of a C/S pulse. After a maximum of 3|xs acquisition time, a new 
C/S pulse may be issued to begin a new conversion. Timing 
diagrams are shown in Figure 1. 

Figure la shows timing when a conversion sequence has first 
begun. All functions are being performed in series. This is the 
timing for the first data conversion, assuming a new gain must 
be selected. 

The timing in Figure lb assumes conversions are progressing 
continuously. After a conversion has been initiated by the falling 
edge of the C/S pulse, a new analog signal may be inputted to 
the DAS or a new gain may be selected. The figure shows that 
if a new gain is selected, no more than 2|jls later, the new voltage 
begins settling at the PGA output. In the G = 500 mode, the 
determining factor for conversion speed is the amplifier settling 
time and, if necessary, the gain switching time. If the PGA gain 
is not switched, the conversion time for G = 500 becomes 50p,s, 
maximum, and a minimum throughput rate of 20kHz can be 
achieved. 



Gain 

Code 

GO Gl 

Programmable 
Gain Amplifier 

Gain 

Analog 

Voltage 

Unipolar | 

Input 

Range 

Bipolar 

One Least 
Significant Bit 
(LSB) Value 

0 

0 

1 

0 

+ 10V 

-5V +5W 

2.44mV 

0 

1 

10 

0 

+ 1V 

-0.5V +0.5V 

0.24mV 

1 

0 

100 

0 

+ lOOmV 

-50mV +50mV 

24.4M.V 

1 

1 

500 

0 

+ 20mV 

-lOmV +10mV 

4.88^jlV 


Table I. Input Voltage Range Selection 
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Using the AD369 

CALIBRATING THE AD369 WITH TRIMPOTS 

This is a calibration procedure which is implemented with 
potentiometers, resistors, and LEDs. The hardware can be 
incorporated on the board which utilizes the AD369 for convenient 
field calibration. 

The ideal transfer function of the AD369 in Figure 2 shows that 
the output code steps up from all ones to all zeros as the analog 
input voltage increases from the minus full scale limit to the 
plus full scale limit. The purpose of the calibration is to put the 
first and last bit transitions where they belong; ILSB above 
-FS and ILSB below +FS respectively. 

The transfer function shows that for each output code there is 
an associated quantization uncertainty of ILSB. For a given 
code, there is an LSB wide range of possible analog input voltages. 
Only at the transition point between two adjacent codes is there 
a precise correlation between input voltage and digital output. 
This circumstance must be utilized in the calibration or the 
accuracy may be off by ± 1/2LSB. 

In reality, due to noise on the analog input, the transitions do 
not occur as sharply as illustrated in the figure. When changing 
codes, the output will toggle constantly while moving from one 
value to the next. The desired transition point is obtained when 
50% of the time the output is above this point and 50% of the 
time the output is below it. This transition point may be observed 
on an oscilloscope. Another way to measure this 50% duty cycle 
is by using a light emitting diode (LED) as shown in Figure 3. 
The duty cycle is approximately 50% when the LED is about 
halfway between minimum and maximum brightness. 


0000 0000 0000 
0000 0000 0001 
0000 0000 0010 

0111 1111 1110 
0111 1111 1111 
1000 0000 0000 
1000 0000 0001 

1111 1111 1101 
1111 1111 1110 
1111 1111 1111 ■<« 


+ FS CALIBRATION 

(a V,N = 

( + FS-1LSB1 


CALIBRATION 

V,N = 

l-FS + ILSB)/" 




CODE WIDTH: ILSB 




-FS 

' 1 i 


^ FIRST TRANSITION 
-1-1-1-1-H 


ANALOG 
INPUT VOLTAGE 
H-1-1- 


Figure 2. AD369 Transfer Function (G = 1) 



Figure 3. AD369 in the Unipolar Mode with RTI Vqs^ TiTO Vqs 

and Span Trim pots 

Calibration steps for input stage offset voltage (Vos) 

cancellation: 

1 . Connect the inputs to analog ground. 

2. Set G = 500 and turn Rrti all the way clockwise (CW). This 
shifts the transfer function to the right, causing the output 
code to be all ones. The LED will light up. 

3. Now turn Rrti counterclockwise (CCW) imtil the LED dims 
to half brightness. The first transition is now positioned at 
the ViN=0 line. 

4. Switch to G = 1 and turn Rrto all the way CW. This will 
cause the output code to be all ones again. 

5. Turn Rrto CCW until the LED dims; the first transition is 
at OV again. 

6 . Switch the gain to G = 500, turn Rrti CW just enough to 
assure an all ones code, then turn it CCW until the LED 
dims to half brightness. 

7. Switch the gain back to one, turn Rrto CW enough to assure 
an all ones code, then turn it CCW until the LED dims. 

8 . Repeat steps 5 and 6 until the LED brightness does not 
change when switching between G = 1 and G = 500. The 
input stage offset voltage is now zero. 

Calibration steps for the output stage offset voltage (Vos) 

cancellation: 

1 . Connect the inputs to a 2.44mV supply, as in Figure 4. 

2 . Set G= 1, turn Rrto all the way CW, assuring an all ones 
output and lighting the LED. 

3. Turn Rrto CCW until the LED dims to half brighmess. 

The first transition is now ILSB above OV. 


UNIPOLAR MODE CALIBRATION 

Figure 3 shows the AD369 in the unipolar mode of operation, 
with calibration hardware connected. The calibration begins 
with cancellation of the input stage offset by applying OV to the 
input and manipulating Rrti and Rrto tmtil the first transition 
occurs exactly at OV, regardless of the amplifier gain. The next 
step in the calibration is to cancel the output stage offset by 
adjusting Rrto to PUt the first transition at the proper input 
voltage of + ILSB. Finally, Rspan is adjusted and the last bit 
transition is put ILSB below + FS. 



Figure 4. input Connection for the Rrto Calibration 
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Calibration steps for Gain Error (SPAN) cancellation: 

1. Apply a precise 10V-2.44mV across the input of the AD369. 
A voltage divider as shown in Figure 5 can be employed; in 
conjunction with a precision voltmeter to verify an input of 
9.997,56V. 

2. Set G= 1, turn Rspan all the way CCW, assuring an output 
of all zeros. 

3. Turn Rspan CW until the LED begins to light up (about 
half-brightness). At this point the last transition will be at 
+ FS-1LSB. 

The calibration in the unipolar mode is now complete. 



Figure 5. Input Connection for the Rspan Calibration 



Figure 6. AD369 in the Bipolar Mode with Offset and Gain 
Trim pots 


BIPOLAR MODE CALIBRATION 

The AD369, with calibration hardware, is shown in Figure 6 for 
operation in the bipolar mode. The adjustments begin, as in the 
unipolar case, with the input stage Vos cancellation. In this case 
however, the calibration is different because the OV point is now 
at mid-scale; the MSB is used instead of the LSB. Next in the 
calibration is to adjust Rrto and put the first LSB transition at 
an input voltage of - 5V + ILSB. Last is the Rspan adjust to 
put the last bit transition ILSB below +5V. 

Input stage Vqs cancellation steps: 

1. Connect the inputs to analog ground. 

2. Select G = 500 and turn Rrti until the MSB LED is at half¬ 
brightness. 

3. Switch to G = 1 and adjust Rrto nntil the LED is again at 
half-brightness. 

4. Repeat steps 2. and 3. until the LED brightness does not 
change when gains are switched. This indicates that the 
input stage Vqs = OV. 

Output stage Vqs cancellation steps: 

1 . SetG=l. 

2. Connect the plus input to ground and the minus input to 
4.997,56 volts using a voltage divider such as in Figure 7. 

3. Turn Rrto completely CW to assure an output code of all 
ones. 

4. Now turn Rrto CCW until the LSB LED dims to half¬ 
brightness. The first transition is now ILSB above -FS. 



Figure 7. Voltage Divider to Derive RTO Vqs 3nd Span 
Calibration Voltage 

Gain Error cancellation steps: 

1. SetG=l. 

2. Now connect the plus input to 4.997,56 Volts and the minus 
input to analog ground. 

3. Turn Rspan completely CCW to assure an output code of all 
zeros. 

4. Now turn Rspan CW until the LSB LED begins to light up. 
At this point the last bit transition will be at +FS - ILSB. 

Calibration in the bipolar mode is now complete. 
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CALIBRATING THE AD369 WITHOUT TRIMPOTS 

Figure 8 shows the AD369 in the unipolar mode with calibration 
hardware consisting of a Quad 8-Bit D/A Converter (AD7226) 
circuit instead of the previous trimpot configuration. The cali¬ 
bration procedure is basically the same as before except that 
instead of adjusting the potentiometers, three DACs are used to 
correct for offsets and gain error. Bipolar calibration may be 
accomplished by referring to Figure 6 and modifying Figure 8 
accordingly. 

This calibration routine has some excellent benefits ip addition 
to the elimination of potentiometers. Dips witches may be used 
initially to set the 8-bit word values needed for each connection; 
however, after the word values are determined, this data may be 
stored into a memory (i.e., RAM) for auto-calibration in the 
field. The entire calibration may be accomplished under micro¬ 
processor control. Temperature offsets may be cancelled by 
using a temperature sensor in conjunction with the 
microprocessor. 


+ 15V 



Replacing Trimpots 

INPUT PROTECTION 

There are two considerations when applying input protection for 
the PGA: 1) that maximum input current must be limited to 
less than 20mA and 2) that input voltages must not exceed the 
supplies. Outside the linear operating range, the input impedance 
of the AD369 becomes low and nonlinear due to the input transis¬ 
tors going into saturation. The graph in Figure 9 illustrates the 
input current vs. differential input voltage relationship without 
input protection. 

Resistors of Ikfl in series with each input would keep the currents 
within safe limits for input voltages in the range of Vp= 4- 15V 
to Vn = - 15V. Figure 10 shows the external components necessary 
to protect the AD369 under all overload conditions at any gain. 
The diodes to the supplies are necessary if input voltages outside 
of the range of the supplies are encountered. 



DIFFERENTIAL INPUT VOLTAGE - V 


Figure 9. Input Current vs. Differential Input Voltage With¬ 
out Input Protection 


Vp = +15V 



Figure 10. Input Protection Circuit for AD369 


The equivalent noise resistance of the AD369 input stage is only 
Ikn. Input protection resistors, however, will quickly degrade 
the excellent noise performance of the DAS. To reduce the 
noise encountered with added resistors, FETs may be used to 
limit the input current. FETs, such as the 2N4416, with low 
Idss and low on-resistance should be used. Figure 11 shows the 
protection circuit and Figure 12 shows the input current vs. the 
differential input voltage with the FET protection circuit. The 
20 kn resistor is put in series with the gate to limit the “reverse” 
Idss current and does not add to the noise. 

The above input protection circuits also protect the AD369 in 
case there is a voltage applied to the input while the supplies are 
shut off. 


Vp 



Figure 11. Low Noise Input Protection Circuit for AD369 


3-36 NEW PRODUCTS - ICs 






Using the AD369 


If using multiplexers, proper device selection can provide AD369 
input protection. Some MUXes limit the maximum current as 
well as the maximum output voltage to safe levels. Keep in 
mind that the on resistance of the MUX will add to the input 
stage noise. 



-30 -25 -20 -15 -10 -5 0 5 10 15 20 25 30 


DIFFERENTIAL INPUT VOLTAGE - V 


Figure 12. AD369 Input Protection with 2N4416 FETs and 
FD333 Clamping Diodes 

GROUND RETURNS FOR INPUT BIAS CURRENTS 

There must be a direct return path for the input bias currents 
of the PGA input transistors; otherwise, they will charge external 
capacitances, causing the output to drift uncontrollably or saturate. 
Therefore, when amplifying floating input sources such as trans¬ 
formers, or ac-coupled sources, there must be a dc path from 
each input to ground as shown in Figure 13. 



Figure 13a. Ground Returns for Bias Currents with Trans¬ 
former Coupled Input 


GROUND CONNECTIONS 

The digital and analog ground pins of the AD369 should be tied 
together as close to the package as possible to avoid noise coupling 
from the digital ground to the analog circuit. When an application 
calls for separate grounding entirely, a 0.1|jlF capacitor should 
be connected between the AGND and DGND pins to filter out 
any noise. 

POWER SUPPLY DECOUPLING 

Each of the AD369 supply terminals should be capacitively 
decoupled as close to the IC as possible. A IjxF in parallel with 
a O.lfjiF capacitor is usually sufficient. Analog supplies are 
decoupled to the analog ground pin and the Logic supply is 
decoupled to the digital ground pin. 

TRACK-AND-HOLD ERRORS 

The aperture delay time is the time required for the track-and-hold 
amplifier to switch from track to hold. Since this is effectively a 
constant, it may be tuned out by advancing the track-to-hold 
command with respect to the input signal. 

Unlike the aperture delay time, aperture jitter is a true error 
source and must be considered. Aperture jitter is a result of 
noise within the switching network. It causes variations in the 
value of the analog input being held. The aperture error which 
results from this jitter is directly related to the dV/dT of the 
analog input and may limit the signal bandwidth. The aperture 
jitter of the T/H in the AD369, however, is small enough that 
the instrumentation amplifier will limit the signal frequency well 
below the frequency at which the jitter error would be of 
concern. 

Droop rate is the change in output voltage per unit of time 
while in the hold mode. Hold mode droop originates as leakage 
from the hold capacitor, of which the major contributors are 
switch leakage current and bias current. This dVour/dT is 
equal to the ratio of the total leakage current, Ii to the hold 
capacitance, Ch- The droop rate of the T/H in the AD369 is 
included in the differential nonlinearity specification. 

COMMON-MODE REJECTION 

Common-mode rejection is a measure of the change in output 
voltage when both inputs are changed by equal amounts. These 
specifications are usually given for a full-range input voltage 
change. Care should be taken to assure that both input lines are 
balanced with regard to parasitic capacitances and source resis¬ 
tances; otherwise, the excellent common-mode rejection of the 
AD369 will be degraded. 


1 1 


. AD369 ( 

III 77 ' 


L _J 

\ / 
V 

II VT' 

] 

LoOkll t 

LJ 

[ 

►lOOkll 

\ 

L_ 

TO ANALOG GROUND 




Figure 13b. Ground Returns for Bias Currents with ac 
Coupled Inputs 


ERRORS DUE TO BANDWIDTH LIMITATIONS OF 
THE AD369 

When using the AD369 to digitize sine-wave signals, it is important 
to know the frequency at which the system response roll-off will 
cause an error of 1/2LSB. 

The ratio of output to input voltage for the instnunentation 
amplifier of the AD369 is: 

I Vc/Vi I = G/ 1 (1 + jf/fa) I = G/[l +(f/fa)Y-^ 
where fg equals the - 3dB bandwidth and a single-pole roll-off 
is assumed. / 


NEW PRODUCTS - ICs 3-37 




It can be shown that the Vq/Yi ratio will have an error of 1/2LSB 
for a 12-bit A/D converter when: 


f(l/2LSB) = f.A/F') = 4/64. 

The ihstnimentation amplifier will have reached the limit of 12- 
bit precision for signal frequencies of fa/64. The frequency can 
be doubled at the expense of two bits of accuracy. 

The frequency at which the amplitude of a lOV p-p sine wave 
is reduced by one half of an LSB is typically lOkHz, 

3.5kHz, 1.7kHz, and 0.5kHz at gains of 1, 10, 100, and 500 
respectively. 

NOISE CONSIDERATIONS 

Assuming normally distributed or white noise, the rms noise 
voltage En of a system is a function of its noise bandwidth BWn- 
The correlation between -3dB bandwidth (BW) and BWn is 
dependant upon the frequency response of the system imder 
consideration.^ For a 6dB/octave filter, the ratio is 17/2 = 1.57. 

For a “br ick wa ll” filter it is one. The noise correlation is simply: 
EN = eN VBWn, where e^ is the noise density (nV/VHz). 

The noise of the input signal must also be added to the noise of 
the DAS. Again, in calculating the rms noise contribution of the 
signal, the BWn of the source must be considered. If not filter 
limited before the AD369 input, the BWn of the PGA, as stated 
above, must be used, which is about 'n/2 times its - 3dB 
bandwidth. 

Input protection resistors will also contribute to the total system 
noise. The rms noise voltage of a Ikfl resistor over a noise band¬ 
width of IHz is 4nV. So, the noise voltage of a resi stor, R(kn ) 
and a noise bandwidth, BW^CHz) is: En(R) = 4nVVR x BWn- 

The total system rms noise is given by the equation: 

EN(system) = VEN(AD369)i + [G x EnCRo,)]^ + [G x EN(sigtf 

Once the system rms noise value is known, the probability of 
the peak-to-peak value of the noise exceeding an LSB is given 
in Table II. 


LSB/En 

Probability of Noise 
Exceeding ILSB 

1.0 

62.0% 

2.0 

32.0% 

3.0 

13.0% 

4.0 

4.6% 

5.0 

1 .2% 

5.15 

1 .0% 

6.0 

0.27% 

6.6 

0 .10% 


Table II. 


OTHER CONSIDERATIONS 

One of the more overlooked problems in designing ultra-low-drift 
dc amplifiers is thermocouple induced offset. In a circuit comprised 
of two dissimilar conductors (i.e., copper, kovar), a voltage 
known as the “Seebeck” or thermocouple emf is generated 
when the two junctions are at different temperatures. Standard 
IC lead material (kovar) and copper form a thermocouple with a 
high thermoelectric potential (about 35 jjlV/‘’C). This means that 
care must be taken to insure that all connections in the input 
circuit of the AD369 remain isothermal. In addition, the user 
should also avoid air currents over the circuitry since slowly 
fluctuating thermocouple voltages will appear as “flicker” noise. 

The base emitter junction of an input transistor can rectify out- 
of-band signals (i.e., RF interference). These rectified voltages 
act as small dc offset errors. In the case of a resistive transducer, 
a small capacitor (e.g. 150pF) across the input working against 
the internal resistance of the transducer may suffice to provide 
an RC filter without affecting system bandwidth. Again, every 
effort should be made to match the capacitance at pins 1 and 2, 
to preserve CMR. 


OUTLINE DIMENSIONS 

Dimensions shown in inches and (mm). 




^See **Low Noise Electronic Design,” by C. D. Motchenbacher, 
F. C. Fitchen. 
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ANALOG 

DEVICES 


1 MHz jmC Compatible 
12-Bit ADC 


AD375 


FEATURES 

Guaranteed 12-Bit No Missing Codes Over 
Temperature 
1MHz Throughput Rate 
Small 40-Pin Hermetic Ceramic Package 
T/H Control Line 
Gain Accuracy 0.25% 

Four Pin-Programmable Input Ranges 
Tri-State Latched Output Data 

APPLICATIONS 

High-Speed Measurement System 
Test Equipment (ATE) 

Board Level DAS for Computers 
Analytic and Medical Instruments 
Multichannel, High-Speed Systems 
Signal Processing 
Vibration Analysis 
Image Enhancement Systems 
Computer Aided Tomography and Magnetic 
Resonance Systems 

PRODUCT DESCRIPTION 

The AD375 is a small, 12-bit linear, IMHz throughput analog-to- 
digital converter hybrid. Packaged in a 40-pin hermetic DIP, 
the AD375 provides a completely specified and tested ADC in a <^ 
space-saving hybrid as an economical solution for system designers 
with space and time constraints. Designed for applications 
quiring a IMHz throughput rate, the AD375 is design^. 
state-of-the-art integrated circuits. Laser trinomed for accuracy 
and manufactured on a modern certified high qualit)?, hybrid 
assembly line the AD375 is a state-of-the-art tpicrocircuit;' 

The AD375 features 12-bit no missing code perform^ce over 
0 to + 70°C (ambient temperature, not case tem,|)erature>; It is 
100 % tested for linearity, missing codes, offset and gain errors. 

Because the flash converter is buffered in this design, an expensive 
external precision buffer is not required as in other flash designs. 
The T/H control line controls an external track-and-hold amplifier 
to take maximum advantage of the AD375 architecture. The 
external T/H is automatically sent back to track mode during 
the AD375 digital error correction cycle. No additional active 
components are needed, only power, an analog input signal, 
four decoupling caps, and a convert command is needed for 
operation. 


AD375 FUNCTIONAL BLOCK DIAGRAM 



The input rangu can be selected by connecting the input pin 
configuration required for the span desired. The digital output 
is updafOd after the status output transitions to the not busy 
sta^ihd is valid until the next conversion update takes place. 

' AU digital inputs and outputs are TTL compatible. Gain and 
^ offset errors may be externally trimmed to zero with optional 
triia adjuatlUents for better accuracy. Linearity is specified 
‘ Using the rhore conservative end point linearity method. The 
;AD3t5 is the superior part for new designs today. 

ADC FUNCTIONAL DESCRIPTION 

The AD375 uses a two stage flash technique. It is comprised of 
a 7-bit flash converter, a 7-bit D/A converter (DAC), a high-speed 
ainplifier, switches and digital logic which handles timing and 
error correction. The analog input is digitized to 7-bit resolution. 
The digital output of the flash converter drives a 12-bit accurate 
D/A converter. The analog output of the DAC is subtracted 
from the analog input signal and the difference is multiplied by 
a gain factor of 32 (2^). 

The scaled difference signal is then digitized by the flash converter 
again to 7-bit resolution. This digital output is fed into the error 
correction logic along with the initial 7-bits of digital data to 
produce a 12-bit accurate digital output. 


NEW PRODUCTS - ICs 3-39 











SPECIFICATIONS 


(typical at +25*1! and Vs = ±t5V, +5y unless othemvise noted) 


Parameter 

Min 

Typ 

Max 

Units 

ANALOG INPUTS 





Impedance (lOV FSR Span) 


5k 


n 

(SVFSRSpan) 


2.5k 


n 

Input Ranges 





Bipolar 


±2.5,5 


V 

Unipolar ^ 


0to5,10 


V 

DIGITAL INPUTS 





ViNH 

2.4 


5.0 i 

V 

Vinl 

- 


0.8 

V 

IlNH 



20 

|xA 

IlNL 



0.4 

mA 

Convert/Start Pulse Width 

50 



ns 

DYNAMICS 





Missing Codes @ IMHz Rate 


None 

None 


Conversion Time 



1000 

ns 

Delay, Falling Edge of Status to Data Valid 



±10 

ns 

Delay, Falling Edge of Enable to Data Valid ‘ 



60 

ns 

ACCURACY® +25°C 





Integral Nonlinearity 


1/4 

1 

LSB 

Diferential Nonlinearity 


1/2 

1 

LSB 

Gain 


0.05 


%FSR 

Unipolar Offset 


0.05 


%FSR 

Bipolar Offset 


0.05 


%FSR 

DRIFT® +70°C 





Integral Nonlineary Over Temperature 


1/2 

1 

LSB 

Gain Error Over Temperature 


0.10 


%FSR 

GainT.C. 


25 


ppm/°C 

Unipolar Offset Over Temperature 


0.10 


%FSR 

Unipolar T.C. 


5 


ppm/°C 

Bipolar Offset Error Over Temperature 


0.10 


%FSR 

Bipolar Offset T.C. 


7 


ppm/°C 

Conversion Time Over Temperature 



1000 

ns 

No-Missing-Code Temperature Range 

0 


+ 70 

°C 

DIGITAL OUTPUTS 





VoL@ 1.6mA 


0.4 

0.8 

V 

VoH@ — 80|xA 

2.0 

3.5 


V 

Unipolar Output Code 


Straight Binary 



Bipolar Output Code 


Offset Binary 



POWER REQUIREMENTS 





Positive Supply Range 

+ 14.5 

+ 15 

+ 15.5 

V 

Negative Supply Range 

-14.5 

-15 

-15.5 

V 

Logic Supply Range 

4.75 

5.0 

5.25 

V 

Quiescent Current 





+ 15V 


53 

65 

mA 

-15V 


83 

95 

mA 

+ 5V 


93 

120 

mA 

Power Consumption 


2.3 

2.7 

W 

ABSOLUTE MAXIMUM RATINGS 





Positive Supply 

-0.3 


+ 18 

V 

Negative Supply 

+ 0.3 


-18 

V 

Logic Supply 

-0.5 


+ 7 

V 

Digital Inputs 

-0.5 


5.5 

V 

Analog Input 

-15 


+ 15 

V 

Analog Input Current 

-10 


+ 10 

mA 

Lead Soldering, 10 sec 



+ 300 

X 

Operating Temperature Range to Specification 

0 


+ 70 

X 

Storage Temperature 

-65 


+ 150 

X 

PACKAGE 


40 Pin Double-DIP 




NOTE 

’Bus access time. 


Specifications subject to change without notice. 
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ANALOG 

DEVICES 


Complete High Speed 
16-Bit A/D Converter 


AD376 


FEATURES 

Complete 16>Bit Converter With Reference 
and Clock 

±0.003% Maximum Nonlinearity 

No Missing Codes to 14 Bits Over Temperature 

Fast Conversion • 15ps (14 Bit) 

Short Cycle Capability 
Parallel Outputs 
Low Power: llOOmW Typical 
Industry Standard Pin Out 
Available to MIL-STD>883 


AD376 FUNCTIONAL BLOCK DIAGRAM 



PRODUCT DESCRIPTION 

The AD376 is a high resolution 16-bit hybrid IC analog-to-digital 
converter including reference, clock, and laser-trimmed thin-fllm 
components. The package is a compact 32-pin metal DIP. The 
thin-film scaling resistors allow analog input ranges of ±2.5V, 
±5V, ± lOV, 0 to +5V, 0 to + lOV, and 0 to +20V. 

Important performance characteristics of the devices are maximum 
linearity error of ±0.003% of FSR AD376KM (TM), and 
maximum 14-bit conversion time of 15|xs. This performance is 
due to innovative design and the use of proprietary monolithic 
D/A converter chips. Laser-trimmed thin-film resistors provide 
the linearity and wide temperature range for no missing codes. 

The AD376 provides data in parallel form with corresponding 
clock and status outputs. All digital inputs and outputs are 
TTL compatible. 

APPLICATIONS 

The AD376 is excellent for use in applications requiring 14-bit 
accuracy over extended temperature ranges. Typical applications 
include medical and analytic instrumentation, precision meas¬ 
urement for industrial robots, automatic test equipment (ATE), 
multi-channel data acquisition systems, servo control systems 
and anywhere that excellent stability and wide dynamic range in 
the smallest space is required. 


PRODUCT HIGHLIGHTS 

1. The AD376 provides 16-bit resolution with maximum linearity 
error less than ± 0.003% (± 0.006% for J and S grades) at 
25°C. 

2. The AD376TM features guaranteed no missing code per¬ 
formance (14 bits) over the -55°C to + 125°C temperature 
range. 

3. Conversion time is 13.5|xs typical to 14 bits with short cycle 
capability. 

4. Two binary codes are available on the AD376 output. They 
are complementary straight binary (CSB) for unipolar input 
voltage ranges and complementary offset binary (COB) for 
bipolar input ranges. Complementary two’s complement 
(CTC) coding may be obtained by inverting pin 1 (MSB). 

5. The proprietary chips used in this hybrid design provide 
excellent stability over temperature and lower chip count for 
improved reliability. 
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SPECIFICATIONS (^fpIcalalT* = +25i;, Yj 


±15, +5 volts unless otherwise noted) 


Model 

AD376JM 

AD376KM 

AD376SM' 

AD376TM* 

Units 

RESOLUTION 

16 (max) 

* 

4r 

* 

Bits 

ANALOG INPUTS 

Voltage Ranges 

Bipolar 

±2.5, ±5, ±10 

* 

* 

* 

Volts 

Unipolar 

Oto +5,0to + 10,0to +20 

* 

it 

★ 

Volts 

Impedance (Direct Input) 

0to+5V, ±2.5V 

1.88 

* 

* 

* 

kfl 

Oto + lOV, ±5.0V 

3.75 

* 

★ 

★ 

kft 

0to+20V,±10V 

7.50 

* 

* 

★ 

kn 

DIGITAL INPUTS^ 

Convert Command 

Logic Loading 

Posidve Pulse 50ns Wide (min) Trailing Edge Inidates Conversion 

1 * * 

* 

LSTTLLoad 

TRANSFER CHARACTERISTICS^ 

ACCURACY 

Gain Error 

±0.05^ (±0.2 max) 

* 

★ 

★ 

% 

Offset Error 

Unipolar 

±0.05^ (±0.1 max) 

* 

* 

* 

%ofFSR5 

Bipolar 

±0.05'^(±0.2max) 

★ 

* 

* 

%ofFSR 

Linearity Error (max) 

±0.006 

±0.003 

* 


%ofFSR 

Inherent Quandzadon Error 

±1/2 

* 

★ 

* 

LSB 

Differendal Linearity Error 

±0.003 

* 

* 

* 

%ofFSR 

3 aNoise at Transidons (pk-pk) 

0.001 (0.003 max)* 

* 

* 

* 

%ofFSR 

POWER SUPPLY SENSITIVITY 

±15Vdc(± 0.75V) 

0.001 

* 

* 

* 

%ofFSR/%AVs 

+ 5Vdc(± 0.25V) 

0.001 

* 

* 

* 

%ofFSR/%AVs 

CONVERSION TIME^ 

12 Bits 

11.5 (13 max) 

* 

* 

* 

JIS 

14 Bits 

13.5 (15 max) 

* 

* 

* 

|XS 

16 Bits 

15.5 (17 max) 

* 

* 

* 

iis 

WARM-UPTIME 

1 minute 

* 

★ 

* 

Minutes 

DRIFT* 

Gain 

±15 (max) 

±5(±15max) 

* 

** 

ppm/°C 

Offset 

Unipolar 

±2(±4max) 

±2(±4nMx) 

* 

★* 

ppm of FSR/°C 

Bipolar 

±10 (max) 

±3(±10max) 

★ 

** 

ppm of FSR/°C 

Linearity 

± 2 (3 max) 

±0.3 (2 max) 

★ 

** 

ppmofFSR/°C 

Guaranteed No Missing Code 

Temperature Range’ 

Oto 70 (13 bits) 

Oto 70 (14 bits) 

-55 to+125 (13 Bits) 

-55to + 125(14Bits) 

°C 

DIGITAL OUTPUT^ 

(All Cx>des Complementary) 

Parallel 

Output Codes'® 

Unipolar 

CSB 

* 

* 

★ 


Bipolar 

COB, CTC" 

* 

* 

* 


Output Drive 

2 

* 

* 

★ 

TTL Loads 

Status 

Status Output Drive 

2 (max) 

Logic “1” During Conversion 

■k it 

★ 

TTL Loads 

Internal Clock^ 

Clock Output Drive 

2 (max) 

* 

k 

* 

TTL Loads 

Frequency 

1040 

* 

k 

* 

kHz 

POWER SUPPLY REQUIREMENTS 

Power Consumpdon 

1100 

* 

* ^ 

★ 

mW 

Rated Voltage, Analog 

±15 ±0.5 (max) 

* 

* 

* 

Vdc 

Rated Voltage, Digital 

+ 5 ± 0.25 (max) 

* 

* 

* 

Vdc 

Supply Drain + 15V dc 

+ 30 

* 

* 

h 

mA 

Supply Drain - 15Vdc 

Supply Drain + 5 V dc 

-23 
+ 55 

* 

* 



mA 

mA 

TEMPERATURE RANGE 

Specificadon 

0 to + 70 

* 

-55 to + 125 

-55 to + 125 

°C 

Operating 

-25to + 85 

* 

- 

- 

°C 

Storage 

-55to + 125 

* 

-65to + 150 

-65to + 150 

°C 


NOTES 

' AD376 S and T grades are available to MIL-STD-883, Method S008, Class B. See Analog Devices Military Products Databook ^Specifications same as AD376JM. 

for proper part number and detail specifications. **SpecificationssameasAD376KM. 

^Logic“0” = 0.8V, max. Logic “1” = 2.0V, min for inputs. For digital outputs Logic “0” = + 0.4V max. Logic “1” = 2.4Vmin. S pe cificati on s fn mthnnr n»rir->. 

^Tested on ± lOV and 0 to + lOV ranges. 

^Adjustable to zero. 

’Full Scale Range. 

^itb pin 23, clock rate controls tied to digital ground. 

^Conversion time may be shortened with “Short Cycle” set for lower resolution. 

'Guaranteed but not 100% production tested. 

•For definition of “No Misdng Codes”, refer to Theory of Operation. 

'*’CSB - Complementary Straight Binary. COB - Complementary Offset Binary. CTC - Complementary Two’s Complement. 

"CTC coding obtained by inverting MSB (Pm 1). 
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OUTLINE DIMENSIONS 

(Dimensions shown in inches and (mm). 


PIN 1 GREEN GLASS BEAD 

-1,74 (44.2)- 


r" 

i0{15.2) 

1 e 


>000000000000000 

© 


Q ^—GLASS BEAD 

^ 'STANDOFFS 

OOOOOOOOOOOOOOOO 008 DIA. TYP. 

M___ 


0.10 (2.5 




UJ 

m— 


IDEAL TRANSITION 
WITHOUT NOISE 
OR OVERLAP 


NOISY TRANSITION 
WITH NOISE OVERLAP 
OF ABOUT ±1/4LSB 
OR 3<r pk-pk NOISE 
AT THE TRANSITION OF 
1/2LSB 


ANALOG INPUT VOLTAGE 

Transition Noise Definition Based on Dynamic Cross Plot 


ORDERING GUIDE 


AD376JM 

AD376KM 

AD376SM 

AD376TM 


Max Linearity Te: 

Error Rai 

0.006% FSR Otc 

0.003% FSR Otc 

0.006% FSR -5 

0.003% FSR -5 

Two 16-pin strip sockets 


Temperature 

Range 

0to+70°C 
0 to 4- 70°C 
-SS^Cto + US'^C 
-55°Cto + 125°C 



TEMPERATURE - °C 

Figure 7. Linearity Error vs. Temperature 



CONVERSION TIME -ps 

Figure 2. AD376 Nonlinearity vs. Conversion Time 












±15ppm/°C ..... 

_ 1 _ 




77 > 




7 / 

/ / 
// 



+ 10 + 20 + 30 + 40 

TEMPERATURE - °C 


Figure 3. AD376 Gain Drift Error vs. Temperature 
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THEORY OF OPERATION 

The analog continuum is partitioned into 2^^ discrete ranges for 
16-bit conversion. All analog values within a given quantum are 
represented by the same digital code, usually assigned to the 
nominal midrange value. There is an inherent quantization 
uncertainty of ± 1/2LSB, associated with the resolution, in 
addition to the actual conversion errors. 

The actual conversion errors that are associated with A/D con¬ 
verters are combinations of analog errors due to the linear circuitry, 
matching and tracking properties of the ladder and scaling net¬ 
works, reference error and power supply rejection. The matching 
and tracking errors in the converter have been minimized by the 
use of monolithic DACs that include the scaling network. The 
initial gain and offset errors are specified at ±0.2% FSR for 
gain and ±0.1% FSR for offset. These errors may be trimmed 
to zero by the use of external trim circuits as shown in Figures 
S and 7. Linearity error is defined for unipolar ranges as the 
deviation from a true straight line transfer characteristic from a 
zero voltage analog input, which calls for a zero digital output, 
to a point which is defined as a full scale. The linearity error is 
based on the DAC resistor ratios. It is unadjustable and is the 
most meaningful indication of A/D converter accuracy. Differential 
nonlinearity is a measure of the deviation in the staircase step 
width between codes from the ideal least significant bit step size 
(Figure 4). 

Monotonic behavior requires that the differential linearity error 
be less than ILSB, however a monotonic converter can have 
missing codes; the AD376 is specified as having no missing 
codes over temperature ranges as specified on the data page. 

There are three types of drift error over temperature: offset, 
gain and linearity. Offset drift causes a shift of the transfer 
characteristic left or right on the diagram over the operating 
temperature range. Gain drift causes a rotation of the transfer 
characteristic about the zero for unipolar ranges or minus full 
scale point for bipolar ranges. The worst case accuracy drift is 
the sununation of all three drift errors over temperature. Statis¬ 
tically, however, the drift error behaves as the root-sum-squared 
(RSS) and can be shown as: 

RSS = V€g^+ €o^+ €l^ 

€g = Gain Drift Error (ppm/®C) 

€o == Offset Drift Error (ppm of FSR/°C) 

€l = Linearity Error (ppm of FSR/°C) 


DESCRIPTION OF OPERATION 

On receipt of a CONVERT START command, the AD376 
converts the voltage at its analog input into an equivalent 16-bit 
binary number. This conversion is accomplished as follows: the 
16-bit successive-approximation register (SAR) has its 16-bit 
outputs connected both to the device bit output pins and to the 
corresponding bit inputs of the feedback DAC. The analog 
input is successively compared to the feedback DAC output, 
one bit at a time (MSB first, LSB last). The decision to keep or 
reject each bit is then made at the completion of each bit comparison 
period, depending on the state of the comparator at that time. 

TIMING 

The timing diagram is shown in Figure 6. Receipt of a CONVERT 
START signal sets the STATUS flag, indicating conversion in 
progress. This, in turn, removes the inhibit applied to the gated 
clock, permitting it to run through 17 cycles. All the SAR parallel 
bits, STATUS flip-flops, and the gated clock inhibit signal are 
initialized on the trailing edge of the CONVERT START signal. 
At time to, Bi is reset and B 2 - Bio are set unconditionally. At 
ti the Bit 1 decision is made (keep) and Bit 2 is reset uncondi¬ 
tionally. This sequence continues until the Bit 16 (LSB) decision 
(keep) is made at tio- The STATUS flag is reset, indicating that 
the conversion is complete and that the parallel output data is 
valid. Resetting the STATUS flag restores the gated clock inhibit 
signal, forcing the clock output to the low Logic “O’’ state. 

Note that the clock remains low until the next conversion. 

Corresponding parallel data bits become valid on the same positive¬ 
going clock edge. 

GAIN ADJUSTMENT 

The gain adjust circuit consists of a 100ppm/°C potentiometer 
connected across ± Vs with its slider connected through a 300kD 
resistor to the gain adjust pin 29 as shown in Figxire 5. 

If no external trim adjustment is desired, pins 27 (offset adj) 
and pin 29 (gain adj) may be left open. 


+15V 




Figure 4. Transfer Characteristics for an Ideai Bipolar AV 


Figure 5. Gain Adjustment Circuit (±0.2% FSR) 


OFFSET ADJUSTMENT 

The zero adjust circuit consists of a lOOppm/^C potentiometer 
connected across ± Vs with its slider connected through a l.SMO 
resistor to Comparator Input pin 27 for all ranges. As shown in 
Figure 7, the tolerance of this fixed resistor is not critical, and a 
carbon composition type is generally adequate. Using a carbon 
composition resistor having a ~ 1200ppm/°C tempco contributes 
a worst-case offset tempco of 32LSBi4 x 61ppm/LSBi4 x 
1200ppm/X - 2.3ppm/'*C of FSR, if the OFFSET ADJ poten¬ 
tiometer is set at either end of its adjustment range. Since the 
maximum offset adjustment required is typically no more than 
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NOTES: 

1. THE CONVERT START PULSE WIDTH IS 50ns MIN AND MUST REMAIN LOW DURING 
A CONVERSION. THE CONVERSION IS INITIATED BY THE "TRAILING EDGE" OF THE 
CONVERT COMMAND. 

2. 15|jl,s for 14 BITS AND 14)jis FOR 13 BITS (MAX). 

3. MSB DECISION. 

4. CLOCK REMAINS LOW AFTER LAST BIT DECISION. 


Figure 6. Timing Diagram (Binary Code 0110011101110110) 


± 16 LSBi 4 , use of a carbon composition offset summing resistor 
typically contributes no more than lppm/°C of FSR offset 
tempco. 


+15V 



Figure 7. Offset Adjustment Circuit (±0.3% FSR) 

An alternate offset adjust circuit, which contributes negligible 
offset tempco if metal film resistors (tempco <100ppm/°C) are 
used, is shown in Figure 8 . 


+15V 



Figure 8. Low Tempco Zero Adjustment Circuit 

In either adjust circuit, the fixed resistor connected to pin 27 
should be located close to this pin to keep the pin connection 
runs short (Comparator Input pin 27 is quite sensitive to external 
noise pick-up and should he guarded by analog conunon). 


DIGITAL OUTPUT DATA 

Parallel data from TTL storage registers is in negative true form 
(Lope “1” = OV and Logic “0” = 2.4V). Parallel data output 
coding is complementary binary for unipolar ranges and com¬ 
plementary offset binary for bipolar ranges. Parallel data outputs 
change state on positive-going clock edges. 

Short Cycle Input: A Short Cycle Input, pin 32, permits the 
timing cycle shown in Figure 6 to be terminated after any number 
of desired bits has been converted, permitting somewhat shorter 
conversion times in applications not requiring full 16-bit resolution. 
When 10-bit resolution is desired, pin 32 is connected to Bit 11 
output pin 11. The conversion cycle then terminates and the 
STATUS flag resets after the Bit 10 decision (timing diagram of 
Figure 6 ). Short cycle connections and associated 8 -, 10-, 12-, 
13-, 14-, and 15-bit conversion times are summarized in Table 
I, for a 933kHz clock. 

Maximum Connect Short 

Resolution Conversion Status Flag Cycle Pin 32 to 


Bits 

(%FSR) 

Time (|jis) 

Reset 

Pin: 

16 

0.0015 

17.1 

tl 6 

N/C(Open) 

15 

0.003 

16.1 

tl5 

16 

14 

0.006 

15.0 

tl4 

15 

13 

0.012 

13.9 

tl3 

14 

12 

0.024 

12.9 

tl2 

13 

10 

0.100 

10.7 

tio 

11 

8 

0.390 

8.6 

h 

9 


Table I. Short Cycle Connections 
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INPUT SCALING 

The AD376 inputs should be scaled as close to the maximum 
input signal range as possible in order to utilize the maximum 
signal resolution of the A/D converter. Connect the input signal 
as shown in Table II. See Figure 9 for circuit details. 



ANALOG 

COMMON i 


Figure 9. AD376 Input Scaling Circuit 


Input 


Connect 

Connect 

Connect 

Signal 

Output 

Pin 26 

Pin 24 

Input 

Line 

Code 

toPin 

to 

Signal to 

±10V 

COB 

27 

Input 

Signal 

24 

±5V 

COB 

27 

Open 

25 

±2.5V 

COB 

27 

Pin 27 

25 

0Vto+5V 

CSB 

22 

Pin 27 

25 

OVto + lOV 

CSB 

22 

Open 

25 

OVto+aOV 

CSB 

22 

Input 

Signal 

24 


Note: Pin 27 is extremely sensitive to noise and should be guarded by analog 
common. 


Table II. AD376Input Scaling Connections 


Code Under Test Low Side Transition Values 


MSB 

LSB 

Range 

±10V 

±5V 

±2.5V 

Oto-blOV 

0to-H5V 

000 . . 

. 000* 

+ Full Scale 

+ 10V 
-3/2LSB 

+ 5V 
-3/2LSB 

+ 2.5V 
-3/2LSB 

+ 10V 
-3/2LSB 

+ 5V 
-3/2LSB 

on. . 

. Ill 

Mid Scale 

0-1/2LSB 

0-1/2LSB 

0-1/2LSB 

+ 5V-1/2LSB 

+ 2.5V-1/2LSB 

Ill . . 

. no 

- Full Scale 

-lOV 
+ 1/2LSB 

-5V 
+ 1/2LSB 

-2.5V 
+ 1/2LSB 

OV 

+ 1/2LSB 

OV 

+ 1/2LSB 


* Voltages given are the nominal value for transition to the code specified. 

Table III. Transition Values vs. Calibration Codes 


Analog Input 
Voltage Range 


±10V 

±5V 

±2.5V 

OVto + lOV 

0Vto+5V 

Code 


COB* 

COB* 

COB* 



Designation 


orCTC** 

orCTC** 

orCTC** 

CSB*** 

CSB*** 

One Least 

FSR 

20V 

lOV 

5V 

lOV 

5V 

Significant 

Bit (LSB) 

2" 

2 ^ 

2" 

2 ^ 

2" 

2" 


n = 8 

78.13mV 

39.06mV 

19.53mV 

39.06mV 

19.53mV 


n= 10 

19.53mV 

9.77mV 

4.88mV 

9.77mV 

4.88mV 


n=12 

4.88mV 

2.44mV 

1.22mV 

2.44mV 

1.22mV 


n=13 

2.44mV 

1.22mV 

0.61mV 

1.22mV 

0.61mV 


n= 14 

1.22mV 

0.61mV 

0.31mV 

0.61mV 

0.31mV 


n=15 

0.61mV 

0.31mV 

O.lSmV 

0.31mV 

O.lSmV 


NOTES 

*COB = Complementary Offset Binary. 

**CTC = Complementary Two’s Co mplem ent - achieved by using an inverter to complement 
the most significant bit to produce (MSB). 

***CSB = Complementary Straight Binary. 

Table IV. Input Voltage Range and LSB Values 


CALIBRATION (14-Bit Resolution Examples) 

Extern^ ZERO ADJ and GAIN ADJ potentiometers, connected 
as shown in Figure 5 and 7, are used for device calibration. To 
prevent interaction of these two adjustments, Zero is always 
adjusted first and then Gain. Zero is adjusted with the analog 
input near the most negative end of the analog range (0 for 
unipolar and - FS for bipolar input ranges). Gain is adjusted 
with the analog input near the most positive end of the analog 
range. 


0 to +10V Range: Set analog input to + ILSB 14 = 0.00061V. 
Adjust Zero for digital output = llllllIllllllO. Zero is now 
calibrated. Set analog input to + FSR - 2LSB = + 9.9987V. 
Adjust Gain for 00000000000001 digital output code; fxill-scale 
(Gain) is now calibrated. Half-scale calibration check: set analog 
input to -I- 5.00000V; digital output code should be 
01111111111111. 

— lOV to -I-IOV Range: Set analog input to -9.99878V; adjust 
zero for 1111111111110 digital output (complementary offset 
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NOTE: ANALOG (^) AND DtGITAL (4^) GNDS -15V 
ARE NOT TIED INTERNALLY AND MUST BE 
CONNECTED EXTERNALLY. 


Figure 10. Analog and Power Connections for Unipolar 0 
to + 10V Input Range 



NOTE: ANALOG (^ ) AND DIGITAL ( ^ ) GNDS -15V 
ARE NOT TIED INTERNALLY AND MUST BE 
CONNECTED EXTERNALLY. 


Figure 11. Analog and Power Connections for Bipolar 
+ 10V to + 10V Input Range 

binary) code. Set analog input to 9.99756V; adjust Gain for 
00000000000001 digital output (complementary offset binary) 
code. Half-scale calibration check: set analog input to O.OOOOOV; 
digital output (complementary offset binary) code should be 
01111111111111. 

Other Ranges: Representative digital coding for 0 to + lOV and 
- lOV to + lOV ranges is given above. Coding relationships and 
calibration points for 0 to -f 5V, —2.5V to -I- 2.5V and — 5V to 
+ 5V ranges can be found by halving proportionally the corres¬ 
ponding code equivalents listed for the 0 to + lOV and - lOV to 
+ lOV ranges, respectively, as indicated in Table III. 

Zero and full-scale calibration can be accomplished to a precision 
of approximately ± 1/2LSB using the static adjustment procedure 
described above. By summing a small sine or triangular wave 
voltage with the signal applied to the analog input, the output 
can be cycled through each of the calibration codes of interest to 
more accurately determine the center (or end points) of each 
discrete quantization level. A detailed description of this dynamic 
calibration technique is presented in **Analog-Digital Conversion 
Handbook**, edited by D. H. Sheingold, Prentice-Hall, Inc., 
1986. 


+ 15V dc 



Figure 12. Clock Rate Control Circuit 



PIN 23 CONTROL VOLTAGE 

Figure 13. Conversion Time vs. Control Voltage 

GROUNDING, DECOUPLING AND LAYOUT 
CONSIDERATIONS 

Many data-acquisition components have two or more ground 
pins which are not connected together within the device. These 
“grounds” are usually referred to as the Logic Power Return, 
Analog Common (Analog Power Return) and Analog Signal 
Ground. These grounds (pins 19 and 22) must be tied together 
at one point for the AD376 as close as possible to the converter. 
Ideally, a single solid analog ground plane under the converter 
would be desirable. Current flows through the wires and etch 
stripes of the circuit cards, and since these paths have resistance 
and inductance, hundreds of millivolts can be generated between 
the system analog ground point and the ground pins of the 
AD376. Separate wide conductor stripe ground returns should 
be provided for high resolution converters to minimize noise 
and IR losses from the current flow in the path from the converter 
to the system ground point. In this way AD376 supply currents 
and other digital logic-gate return currents are not summed into 
the same return path as analog signals where they would cause 
measurement errors. 

Each of the AD376 supply terminals should be capacitively 
decoupled as close to the AD376 as possible. A large value 
capacitor such as IfxF in parallel with a 0.1|xF capacitor is usually 
sufficient. Analog supplies are to be bypassed to the Analog 
Power Return pin and the logic supply is bypassed to the Logic 
Power Return pin. 

The metal case is internally grounded with respect to the power 
supplies, grounds and electrical signals. Do not externally ground 
the case. Glass beads standoff on the bottom will prevent shorting 
to board circuitry beneath the unit. 

CLOCK RATE CONTROL 

The AD376 may be operated at faster conversion times by con¬ 
necting the Clock Rate Control (pin 23) to an external multiturn 
trim potentiometer (TCR <100ppm/°C) as shown in Figures 12 
& 13. The integral linearity and differential linearity errors will 
vary with speed as shown in Figure 2. 
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T/H REQUIREMENTS FOR HIGH RESOLUTION 
APPLICATIONS 

The AD389 is a companion T/H designed for use with the 
AD 376 family. The characteristics required for high resolution 
track-and-hold amplifiers are low feedthrough, low pedestal 
shifts with changes of input signal or temperature, high linearity, 
low temperature coefficients, and minimal droop rate. 

The aperture jitter is a result of noise within the switching 
network which modulates the phase of the hold command and is 
m^fested in the variations in the value of the analog input that 
has been held. The aperture error which results from this jitter 
is directly related to the dV/dt of the analog input which is 
easily calculated as shown below. The error calculation takes 
into account the desired accuracy corresponding to the resolution 
of the A/D converter. 

^ (Full Scale Voltage) (2-N) _ 

(Full Scale Voltage) (2tt) (Aperture Jitter) 

For an application with a 14-bit A/D converter with a lOV full 
scale: 

CIO') 2-14 

F = --— = 24kHz 

^max (2ir) (4 X lO'io sec) 

For an appHcation with a 12-bit A/D converter with a lOV full 
scale: 

F = (10 ) _ = 97kHz 

(10) (2ir) (4 X 10->o sec) 

The T/H amplifier slew rate determines the maximum frequency 
tracking rate and part of the settling time when sampling pulses 
and square waves. The feedthrough from input to output while 
in the hold mode should be less than ILSB. The amplitude of 
ILSB of the companion A/D converter for a given input range 
will vary from 610|jlV for a 14-bit A/D using a 0 to lOV input 
range to 4.88mV for a 12-bit A/D using a ± lOV input range. 
The hold mode droop rate should produce less than ILSB of 


droop in the output during the conversion time of the A/D 
converter. For 610fxV/LSB, as noted in the example above, for 
a ISfjLS 14-bit A/D converter, the maximum droop rate will be 
610fV/15|xs or 40.7p-V/|xs during the ISjxs conversion period. 

Minimal thermal tail effects are another requirement of high 
resolution applications. The self-heating errors induced by the 
changing current levels in the output stages of T/H amps may 
cause more than ILSB of error due to thermal tail effects. 

The linearity error should be less than ILSB over the transfer 
function,as set by the resolution of the A/D converter. The 
T/H acquisition time, T/H settling time along, with the conversion 
tinie of the A/D converter determines the highest sampling rate. 
This in turn will determine the highest input signal frequency 
that can be sampled at twice a cycle. 

The maximum input frequency is constrained by the Nyquist 
sampling theorem to be half of the maximum throughput rate. 
Input frequencies higher than half the maximum throughput 
rate result in “under sampling” or aliasing errors of the input 
signal. In the following table the maximum input frequency is 
reported as half of the throughput rate, with an ideal brickwall 
low pass filter placed in the signal path prior to the AD389 and 
A/D converter to eliminate aliasing. 

The pedestal shift due to input signal changes should either be 
linear, to be seen as a gain error, or negligible as with the feed¬ 
through spec. The temperature coefficients for drift should be 
low enough such that full accuracy is maintained over some 
minimum temperature range. The droop rate and pedestal will 
shift more above + 70°C (+ 158°F). For commercial and industrial 
users, these shifts will only appear above the highest temperatures 
their equipment will ever expect to experience. Most precision 
instrumentation is installed only in human inhabitable work 
spaces or in controlled enclosures if the area has a hostile envi¬ 
ronment. Thus, the AD376 used with a companion AD389 T/H 
offers high accuracy sampling in high precision applications. 


Spec 

Aperture Jitter (max) 

Slew Rate (max w/20V pk-pk signal) 
Feedthrough (ILSB max) 

Droop Rate (1LSB max in 15 (JLS) 

Droop Rate (ILSB max in SOpus) 
Acquisition Time (to ± ILSB max) 
for 20kHz Signal w/lSpis ADC 
Pedestal Shift (max) with Input Signal 
Gain Temperature Coefficient (max) 
for ± 10°C Ambient Operation 
Thermal Tail (max) within 50|xs after Hold 
Linearity Error (max) ILSB 


14 Bit 

16 Bit 

AD389KD 

Units 

2.4 

0.6 

0.4 

ns 

1.26 

1.26 

30 

V/pis 

-84.3 

-96.3 

-86 

dB 

40.7 

10.2 

0.1 

|xV/(JLS 

12.2 

3.0 

0.1 

|xV/|xs 

10 

10 

3-5 

|XS 

-84.3 

-96.3 

-86 

dB 

6.1 

1.5 

2.0 

ppm/°C 

1.2 

0.3 

0.1 

mV 

±0.0061 

0.0015 

0.003 

%FSR 


Table V. T/H Amplifier Requirements vs. AD389 Specs 

AD389in Acquisition Time 

Combination Throughput Input Frequency & T/H Settling Time 

With an Rate Range & A/D Conversion Time 

AD376JM(13bit) 48.8kHz dc to 24.4kHz 20.5pLS 

AD376KM(14bit) 52.6kHz dc to 26.3kHz 23.0 m.s 

Table VI. T/H & ADC Combinations and Maximum Throughput Rate 
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ANALOG 

DEVICES 


)jiP Compatible Multiplying 
Quad 12-Bit D/A Converter 


AD394/AD395 


FEATURES 

Four Complete 12-Bit CMOS DACs with Buffer 
Registers 

Linearity Error ±1/2LSB (AD394, AD395K,T) 

Factory-Trimmed Gain and Offset 

Precision Output Amplifiers for Vout 

Full Four Quadrant Multiplication per DAC 

Monoticity Guaranteed Over Full Temperature Range 

Fast Settling: 15ps Max to ±1/2LSB 

Availabie to MIL-STD-883 (See ADI Military Catalog) 


PRODUCT DESCRIPTION 

The AD394 and AD395 contain four 12-bit, high-speed, low 
power, voltage output multiplying digital-to-analog converters in 
a compact 28-pin hybrid package. The design is based on a 
proprietary latched 12-bit CMOS DAC chip which reduces chip 
count and provides high reliability. The AD394 and AD395 
both are ideal for systems requiring digital control of many 
analog voltages where board space is at a premium and low 
power consumption a necessity. Such applications include auto¬ 
matic test equipment, process controllers, and vector stroke 
displays. 

Both the AD394 and the AD395 are laser-trimmed to ± 1/2LSB 
max differential and integral linearity (AD394, AD395K,T) and 
full scale accuracy of ±0.05 percent at 25°C. The high initial 
accuracy is made possible by the use of precision laser trimmed 
thin-film scaling resistors. 

The individual DAC registers are accessed by the CSl through 
CS4 control pins. These control signals allow any combination 
of the DAC select matrix to occur (see Table III). Once selected, 
the DAC is loaded with a single 12-bit wide word. The 12-bit 
parallel digital input interfaces to most 12- and 16-bit bus 
systems. 

The AD394 outputs (Vrefin= + lOV) provide a ± lOV bipolar 
output range with positive-true offset binary input coding. The 
AD395 outputs (Vrefin= “ lOV) provide a OV to + lOV unipolar 
output range with straight binary input coding. 

Both the AD394 and the AD395 are packaged in a 28-lead 
metal package and are available for operation over the 0 to 
+ 70°C and - 55°C to + 125°C temperature range. 

PRODUCT HIGHLIGHTS 

1. The AD394, AD395 offer a dramatic reduction in printed 
circuit board space in systems using multiple DACs. 

2. The use of CMOS DACs provides low power consumption. 


AD394 FUNCTIONAL BLOCK DIAGRAM 



3. Each DAC is independently addressable, providing a versatile 
control architecture for simple interface to microprocessors. 
All latch enable signals are level-triggered. 

4. The output voltage is trimmed to a full scale accuracy of 
±0.05%. Settling time to ±1/2LSB is 15 microseconds 
maximum. 

5. Maximimi gain TC of 5ppm/°C is achievable by both the 
AD394 and the AD395. 

6. The monolithic CMOS DAC chips provide excellent linearity 
and guaranteed monotonicity over the full operating tempera¬ 
ture range. 

7. The 28-pin double-width hybrid package provides extremely 
high functional density. 

8. Two or four quadrant multiplication can be achieved simply 
by applying the appropriate input voltage signal to the selected 
DAC’s reference (Vrefin)- 

9. Both the AD394S,TD and AD395S,TP feature guaranteed 
accuracy and linearity over the - 55°C to + 125°C temperature 
range. 
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SPECIFICATIONS (Ta = +251:,Y, 


= 10V, Vs = ±1SV unless ottieiwise specified) 




AD394JM/SM‘ 



AD394KM/TM1 





AD395JM/SM 



AD395KM7TM 



Model 

MIN 

TYP 

MAX 

MIN 

TYP 

MAX 

UNITS 

DATA INPUTS (Pins 1-16)^ 








TTL or 5 Volt CMOS Compatible 








Input Voltage 








Bit ON (Logic “1”) 

+ 2 A 


+ 5.5 

+ 2.4 


+ 5.5 

V 

Bit OFF (Logic “0”) 

0 


+ 0.8 

0 


+ 0.8 

V 

Input Current 


±4 

±40 


±4 

±40 

fiA 

RESOLUTION 

1_ 1? _1 

1 1 

Bits 

OUTPUT 








Voltage Range^ 








AD394 


± Vrefin 



-Vrefin 


V 

AD395 


OV to -(Vrefin) 



OVto - (Vrefin) 


V 

Current 

5 



5 



mA 

STATIC ACCURACY 








Gain Error 


±0.05 

±0.1 


±0.025 

±0.05 

%ofFSR^ 

Offset 


±0.025 

±0.05 


±0.012 

±0.025 

%ofFSR 

Bipolar Zero (AD394) 


±0.025 



±0.012 


%ofFSR 

Integral Linearity Error^ 


±1/4 

±3/4 


±1/8 

±1/2 

LSB 

Differential Linearity Error 


±1/2 

±3/4 


±1/4 

±1/2 

LSB 

TEMPERATURE PERFORMANCE 








Gain Drift 



±10 



±5 

ppm FSR/°C 

Offset Drift 



±10 



±5 

ppm FSR/°C 

Integral Linearity Error® 










±1/2 

±3/4 


±1/4 

±1/2 

LSB 

Differential Linearity Error 

1 MONOTONICITY GUARANTEED OVER FULL TEMPERATURE RANGE 


REFERENCE INPUTS 








Input Resistance 

5 


25 

5 


25 

kn 

Voltage Range 

-11 


+ 11 

-11 


+ 11 

V 

DYNAMIC PERFORMANCE 








Settling Time (to ± 1/2LSB) 








Vrefin = + lOV, Change All Digital 








Inputs from 4- 5.0V to OV 


10 

15 


10 

15 

|XS 

Vrefin = 0 to 5V Step, 








Ail Digital Inputs = OV 


10 

15 


10 

15 

|XS 

Reference Feedthrough Error^ 








AD395 


5 



5 


mV p-p 

AD394 


See Figure 1 



See Figure 1 



Digital-to-Analog Glitch Impulse^ 


250 



250 


nVsec 

Crosstalk 








Digital Input (Static)* 


0.1 



0.1 


LSB 

Reference’ 


2.0 



2.0 


mV p-p 

POWER REQUIREMENTS 








Supply Voltage*® 

±13.5 


±16.5 

±13.5 


±16.5 

V 

Current (All Digital Inputs OV or + 5 V) 








+ Vs 


20 

22 


20 

22 

mA 

-Vs 


18 

28 


18 

28 

mA 

Power Dissipation 


570 

750 


570 

750 

mW 

POWER SUPPLY GAIN SENSITIVITY 








+ Vs 


0.002 



0.002 

0.006 

%FS/% 

-Vs 


0.0025 



0.0025 

0.006 

%FS/% 

TEMPERATURE RANGE 



WKM 





Operating (Full Specifications)], K 

0 


IQI 



+ 70 

°C 

S,T 

-55 





+ 125 

°c 

Storage 

-65 






°c 


NOTES 

* AD394 and AD395 S and T grades are available to MIL-STD-883, Method 5008, Class B. See Analog Devices Military Catalog (1985) for 
proper part number and detail specification. 

^Timing specifications appear in Table IV and Figure 5. 

^Code tables and graphs appear on Theory of Operation page. 

‘^FSR means Full Scale Range and is equal to 20V for a ± lOV bipolar range and lOV for 0 to lOV unipolar range. 

^Integral nonlinearity is a measure of the maximum deviation from a straight line passing though the endpoints of the D AC transfer function. 

*For AD395 (unipolar), DAC register loaded with 0000 (XKX) 0000, Vrefin = 20V p-p, lOkHz sinewave. For AD394 (bipolar), Vrefin ~ 20V p-p, 60 Mid 400Hz. 

^This is a measure of the amount of charge injected from the digital inputs to the analog outputs when the inputs change state. It is usually specified 
as the area of the glitch in nVs and is measured with Vrefin = AGND. 

^Digital crosstalk is defined as the. change in any one output’s steady state value as a result of any other output being driven from Vqutmin to Vqutmax 
into a 2kn load by means of varying the digital input code. 

’Reference crosstalk is defined as the change in any one output as a result of any other output being driven from Vqutmin to Vqutmax @ lOkHz 
into a 2kn load by means of varying the amplitude of the reference signal. 

*°The AD394 and the AD395 can be used with supply voltages as low as ± 11.4V, Figure 10. 

Specifications subject to change without notice. 
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ABSOLUTE MAXIMUM RATINGS^ 


+ VstoDGND.. -0.3V to +17V 

-Vs to DGND.+0.3V to - 17V 

Digital Inputs (Pins 1-16) to DGND.-0.3V to +7V 

VREFiNtoDGND.±25V 

AGND to DGND.. ±0.6V 


Analog Outputs (Pins 18, 21, 24, 27) 

.Indefinite Short to AGND or DGND 

Momentary Short to ±Vs 

*Stresses above those listed under “Absolute Maximum Ratings” may cause 
permanent damage to the device. This is a stess rating only and functional 
operation at or above this specification is not implied. Exposure to above 
maximum rating conditions for extended periods may affect device reliability. 


CAUTION: -- 

ESD (Electro-Static-Discharge) sensitive device. The digital control inputs are diode protected; 
however, permanent damage may occur on unconnected devices subject to high energy 
electrostatic fields. Unused devices must be stored in conductive foam or shunts. The protective 
foam should be discharged to the destination socket before devices are removed. 




Figure 1. AD394 Feedthrough Vp^efin = 60Hz (top photo) and 
400Hz (bottom photo) Sinewave. Digital code is set at 1000 
0000000. 

SCALE: Reference Input 5V/DIV(Thin Trace) 

Feedthrough Output5mV/DIV 
TIME: Top Photo 5ms/DIV 

Bottom Photo SOOfjLs/DIV 

MIL-STD-883 

The rigors of the military/aerospace environment, temperature 
extremes, humidity, mechanical stress, etc., demand the utmost 
in electronic circuits. The AD394, AD395, with the inherent 
reliability of integrated circuit construction, were designed with 
these applications in mind. The hermetically-sealed, low profile 
DIP package takes up a fraction of the space required by equivalent 
modular designs and protect the chips from hazardous environ¬ 
ments. To further insure reliability, the AD394, AD395 are 
both fully compliant to MIL-STD-883 Class B, Method 5008. 

Consult Analog Devices Military Catalog for proper ordering 
part number and detail specification. 


PACKAGE OUTLINE 

Dimensions shown in inches and (mm). 



0.030 (0.76)^ 

1 1 


^ 0.185 (4.70) 


-II- 



PIN CONFIGURATION 


B1 [T 

• 

28 { Vrefini 

B2 [T 


I?! VouT, 

B3 [T 


IT) +15V 

B4 [T 


25 1 VrefiIM2 

B5 [T 


VoUT2 

B6 [T 

AD394/ 

AD395 

IT] AGND 

B7 [T 

TOP VIEW 
(Not To Scale) 

22 1 Vrefins 

B8 [T 


TT] VouTS 

B,[r 


-15V 

BIO 


3 Vref,N4 

B11 


js] VouT4 

B12 [jT 


77] DGND 



77] CS4 



~r& \ CS3 


ORDERING GUIDE 



Temperature 


Linearity Error 

Model 

Range 

Gain Error 


AD394JM 

Oto +70X 

±4LSB 

±3/4LSB 

AD395JM 

Oto +70X 

±4LSB 

±3/4LSB 

AD394KM 

0to+70X 

±2LSB 

± 1/2LSB 

AD395KM 

0 to + 70°C 

±2LSB 

± 1/2LSB 

AD394SM 

-55°Cto+125X 

±4LSB 

± 3/4LSB 

AD395SM 

-55°Cto + 125X 

±4LSB 

± 3/4LSB 

AD394TM 

-55Xto + 125X 

±2LSB 

± 1/2LSB 

AD395TM 

-55Xto + 125X 

±2LSB 

± 1/2LSB 
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Theory of Operation 

The AD394 quad DAC provides four-quadrant multiplication. 

It is a hybrid IC comprised of four monolithic 12-bit CMOS 
multiplying DACs and eight precision output amplifiers. Each 
of the four independent-buffered channels has an independent 
reference input capable of accepting a separate dc or an ac signal 
for multiplying or for function generation applications. The 
CMOS DACs act as digitally programmable attenuators when 
used with a varying input signal or, if used with a fixed dc 
reference, the DAC would act as a standard bipolar output 
DAC. In addition, each DAC has a 12-bit wide data latch to 
buffer the converter when connected to a microprocessor data 
bus. 

The AD395 quad DAC provides two-quadrant multiplication 
and is comprised of four 12-bit CMOS multiplying DACs and 
four precision output amplifiers. The two-quadrant-multiphcation 
function arises from a straight-binary digital input multiplied by 



Figure 2. AD394 as a Four-Quadrant Multiplier of Reference 
Input and Digital Input 


DATA INPUT ANALOG OUTPUT ANALOG OUTPUT VOLTAGE Vref,n =+10 VOLTS 


nil 

nil 

nil 

+ ••(Vrefin) | 

111 

+ 9.995 IV 

+ FULLSCALE-ILSB 

1100 

0000 

0000 

+ 1 -(Vrefin) j 

' 10241 

20481 

+ 5.000V 

+ 1/2 SCALE 

1000 

0000 

0001 

+ •• (Vrefin) ‘ 

(_!_} 

[2048J 

+ 4.88mV 

+ 1LSB 

1000 

0000 

0000 

+ ••(Vrefin ) 

[M 

+ 0.000V 

ZERO 

0111 

nil 

nil 

-••(Vrefin) 

1^1 

-4.88mV 

-ILSB 

0100 

0000 

0000 

-••(Vrefin) | 

10241 

20481 

-5.000V 

-1/2 SCALE 

0000 

0000 

0000 

-••(Vrefin) 

[2048 1 
[2048] 

- lO.OOOV 

-FULLSCALE 


Table I. AD394 Bipolar Code Table 


a bipolar analog input which results in two-quadrant multiplica¬ 
tion. The AD395 can also operate as a standard unipolar DAC 
when a fixed dc reference is applied to Vrefin- 

MULTIPLYING MODE 

The figures below show the transfer function for each model. 
The diagrams indicate an area over which many different com¬ 
binations of the reference input and digital input can result in a 
particular analog output voltage. The highlighted transfer line in 
each diagram indicates the transfer function if a fixed reference 
is at the input. The digital codes above each diagram indicate 
the mid and endpoints of each function. The relationship between 
the reference input (Vrefin) the digital input code and the 
analog output is given in Tables I and II below. Note that the 
reference input signal sets the slope of the transfer function (and 
determines the full scale output at code 111 . . Ill) while the 
digital input selects the horizontal position in each diagram. 


I 



Figure 3. AD395 as a Two-Quadrant Multiplier of Reference 
Input and Digital Input 


DATAINPUT 1 

1 ANALOG OUTPUT I 

1 _:_ 

1 ANALOG OUTPUT VOLTAGE Vrefin = + 10 VOLTS 

nil 

nil 

nil 

-••(Vrefin) 

[4095] 

14096] 

-9.9976V 

-FULLSCALE-ILSB 

1000 

0000 

0000 

- ••(Vrefin) 

[2048 1 
|40%| 

-5.000V 

-1/2 SCALE 

0000 

0000 

0001 

-••(Vrefin) 

\M 

-2.44mV 

-ILSB 

0000 

0000 

0000 

-••(Vrefin) 

fe) 

O.OOOV 

ZERO 


Table II: AD395 Unipolar Code Table 
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Digital Circuit Details 


DATA AND CONTROL SIGNAL FORMAT 

The AD394 and AD39S ac cept 12-bit parallel data in response 
to control signals CS1-CS4. As detailed in Table III, the four 
chip select lines are used to address the DAC register of interest. 
It is per miss i ble t o have more than one chip select active at any 
time. If CS1-CS4 are all brought low coincident, all four DAC 
outputs will be updated to the value located on the data bus. All 
control inputs are level-triggered and may be hard-wired low to 
render any register (or group of registers) transparent. 


CSl 

CSl 

CS3 

CS4 

Operation 

1 

1 

1 

1 

AUDACs Latched 

0 

1 

1 

1 

Load DAC 1 From Data Bus 

1 

0 

1 

1 

Load DAC 2 From Data Bus 

1 

1 

0 

1 

Load DAC 3 From Data Bus 

1 

1 

1 

0 

Load DAC 4 From Data Bus 

0 

0 

0 

0 

All DACs Simultaneously Loaded 



Table III. DAC Select Matrix 



TIMING 

The AD3 94, AD395 control signal timing is very straightforward. 
CS1-CS4 must maintain a minimum pulsewidth of at least 400ns 
for a desired operation to occur. When loading data from a bus 
into a 12-bit wide data latch, the data must be stable for at least 
210ns before returning CS to a high state. When the CS is low, 
the data latch is transparent allowing the data at the input to 
propagate through to the DAC. Data can change immediately 
after the chip select returns high. DAC settling time is measiured 
from the falling edge of the active chip select. 


Symbol 

Parameter 

iVim 

Typ 

Max Units 

tcs 

Chip Select Pulse Width 

400 

150 

ns 

tDA 

Data Access Time 

0 


ns 

tDS 

Data Set-Up Time 

210 

150 

ns 

toH 

Data Hold Time 

0 


ns 


Table IV. AD394, AD395 Timing Specifications, Tmin to Tmax 



tcs 



Voo 


DATA IN 
(B1-B12) 




OUTPUT 



NOTES 

TR = TF = 20ns. ALL INPUT SIGNAL RISE AND FALL TIMES MEASURED 
FROM 10% to 90% of Mod ( + 5V TYP) 

TIMING MEASUREMENT REFERENCE LEVEL IS (V,„ + V,l)/2 
MODE SELECTION 

WRITE MODE HOLD MODE 

CS LOW, DAC RESPONDS TO CS HIGH, DATA BUS (B1-B12) 

DATA BUS (B1-B12) INPUTS LOCKED OUT; DA^HOLDS LAST DATA 
PRESENT WHEN CS ASSUMED 
HIGH STATE. 


Figure 5. Timing Diagram 



Figure 6. AD395 (Unipolar) Functional Block Diagram 
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Analog Circuit Details 

GROUNDING RULES 

The AD394 and AD395 include two ground connections in 
order to minimize system accuracy degradation arising from 
grounding errors. The two ground pins are designated DGND 
(pin 17) and AGND (pin 23). The DGND pin is the return for 
the supply currents of the AD394, AD395 and serves as the 
reference point for the digital input thresholds. Thus DGND 
should be connected to the same ground as the circuitry which 
drives the digital inputs. 

Pin 23, AGND, is the high-quahty analog ground connection. 
This pin should serve as the reference point for all analog circuitry 
associated with the AD394, AD395. It is recommended that any 
analog signal path carrying significant currents have its own 
return connection to pin 23 as shown in Figure 7. 



Figure 7. Recommended Ground Connections 


Several complications arise in practical systems, particularly if 
the load is referred to a remote groimd. These complications 
include dc gain errors due to wiring resistance between DAC 
and load, noise due to currents from other circuits flowing in 
power ground return impedances, and offsets due to multiple 
load currents sharing the same signal ground returns. While the 
DAC outputs are accurately developed between the output pin 
and pin 23 (AGND), delivering these signals to remote loads 



can be a problem. These problems are compounded if a current 
booster stage is used, or if multiple AD394, AD395 packages 
are used. Figure 8 illustrates the parasitic impedances which 
influence output accuracy. 

An output buffer configured as a subtractor as shown in Figure 
9 can greatly reduce these errors. First, the effects of voltage 
drops in wiring resistances is eliminated by sensing the voltage 
directly at the load with R4. The voltage drops caused by currents 
flowing through Zqa are eliminated by sensing the remote ground 
directly with R3. Resistors R1 through R4 should be well matched 
in order to achieve maximum rejection of the voltage appearing 
across Zqa* Resistors matched to within one percent (including 
the effects of Rw 2 and Rwa) will reduce ground interaction 
errors by a factor of 100. 



Figure 9. Use of Subtractor Amplifier to Preserve 
Accuracy 

OPERATION FROM ±12 VOLT SUPPLIES 

The AD394, AD395 may be used with ±12 volt ±5% power 
supplies if certain conditions are met. The most important limi¬ 
tation is the output swing available from the output op amps. 
These amplifiers are capable of swinging only as far as 3 volts 
from either supply. Thus, the normal ± 10 volt output range 
cannot be used. Changing the output scale is accomplished by 
changing the reference voltage. With a supply of ±11.4 volts 
(5% less than ± 12V), the output range is restricted to a maximum 
±8.4V swing. It may be useful to scale the output at ±8.192 
volts (yielding a scale factor of 4 millivolts per LSB). 

Figure 10 shows a suggested circuit to set up a ±8.192V output 
range. To help prevent poor gain drift due to possible mismatch 
between Rjn and Rthevenin of divider network it is recommended 
to buffer the potentiometer wiper voltage with an OP-07. 


+ 15V 



Figure 8. Grounding Errors in Multi pie-AD394, AD395 Figure 10. Connections for ± 8.192V Full Scale 

Systems (Recommended for ± 12V Power Supplies) 
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POWER SUPPLY DECOUPLING 

The power supplies used with the AD394, AD395 should be 
well filtered and regtilated. Local supply decoupling consisting 
of a 10|xF tantalum capacitor in parallel with 0.1 |xF ceramic is 
suggested. The decoupling capacitors should be connected between 
the AD394 supply pins and the AGND pin. If an output booster 
is used, its supplies should also be decoupled to the load 
ground. 

IMPROVING FULL-SCALE STABILITY 

In large systems using multiple DACs, it may be desirable 
for all devices to share a common reference. A precision 
reference can greatly improve system accuracy and temperature 
stability. 

The AD2710 is a suitable reference source for such systems. 

It features a guaranteed maximum temperature coefficient of 
± lppm/°C. The combination of the AD2710LN and AD394, 
AD395 shown in Figure 11 will yield a multiple-DAC system 
with maximum full-scale drift of ± 6ppm/°C and excellent 
tracking. 

+ 15V +15V -15V 


OUTPUTS 


TO POWER 
GROUND 

Figure 11. Low Drift AD394, AD395 Configuration 

Applications 

INTERFACING THE AD394, AD395 TO 
MICROPROCESSORS 

The AD394, AD395 control logic provides simple interface to 
microprocessors. The individual latches allow for multi-DAC 
interfacing to a single data bus. 

16-BIT PROCESSORS 

The AD394, AD395 are 12-bit resolution DAC systems and are 
easily interfaced to 16-bit wide data buses. Several possible 
addressing configurations exist. 

In the circuit of Figure 12, a system write signal is used to 
control the decoded address lines and a 74LS139 decoder driven 
from the leas t sign ificant address bits provides the active-low 
CSl through CS4 signals. In the circuit of Figure 12, address 
lines AO and A1 each select a single DAC of the four contained 
in the AD394 or AD395. The use of a separate address line for 
each DAC allows several DACs to be accessed simultaneously. 
The address lines are gated by the simultaneous occurrence of a 
system WR and the appropriately decoded base address. 

In the addressing scheme shown, AO represents the least significant 
word address bit. Data may reside in either the 12MSBs (left-jus¬ 
tified) or the 12LSBs (right-justified). Left justification is useful 
when the data word represents a binary fraction of full scale, 
while right-justified data usually represents an integer value 
between 0 and 4095. 




Figure 12. AD394, AD395 16-Bit Bus Interface 

8-BIT PROCESSORS 

The circuit of Figure 13 shows the general principles for 
connecting the AD394 or the AD395 to an 8-bit data bus. 
The 74LS244 buffers the data bus; its outputs are enabled 
when the DAC address appears on the address bus. The first 
byte sent to the DAC is loaded to the 74LS373 octal latch 
and, when the second b 5 rte is sent to the DAC, it is combined 
with the first byte to create a 12-bit word. The conn ections 
shown are for right-hand justified data. CS and WR inputs 
to the DAC are also gated, and when active, the DAC is 
loaded. Pull-up resistors at the output of the 74LS244 buffer 
ensure that the inputs to the DAC do not float at an iU-defined 
level when the DAC is not being addressed. This method of 
connecting 12-bit DACs to an 8-bit data bus is most cost 
effective when multiple DACs are utilized for 8-bit data bus 
applications. 



NOTE. 

UNUSED HEX INVERTER INPUTS SHOULD BE TIED LOW. ALL OTHER 
GATE INPUTS SHOWN SHOULD BE TIED HIGH TO +5V 
THROUGH A lOkli RESISTOR. 


Figure 13. AD394, AD395 8-Bit Data Bus Interface 
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Applications 

The functional density of the AD394 and AD395 permits complex 
analog functions to be produced under digital control, where 
board space requirements would otherwise be prohibitive. Mul¬ 
tiple-output plotters, multi-channel displays and complex 
waveform generation and multiple programmable voltage sources 
can all be implemented with the AD394 or AD395 in a fraction 
of the space which would be needed if separate DACs were 
used. 

USING THE AD394 FOR ANALOG-TO-DIGITAL 
CONVERSION 

Many systems require both analog output and analog input 
capability. While complete integrated circuit analog-to-digital 
converters (such as the AD574A) are readily available, the AD394 
can be used as the precision analog section of an ADC if some 
external logic is available. Several types of analog-to-digital 
converters can be built with a DAC, comparator, and control 
logic, including staircase, tracking, and successive-approximation 
types. In systems which include a microprocessor, only a com¬ 
parator must be added to the AD394 to accomplish the ADC 
function since the processor can perform the required digital 
operations under software control. A suitable circuit is shown in 
Figure 14. The AD311 comparator compares the unknown 
input voltage to one of the AD394 outputs for the analog-to-digital 
conversion, while the other three outputs are used as normal 
DACs. The diode clamp shown limits the voltage swing at the 


ANALOG 

INPUT 



Figure 14. Using One AD394 Output for A/D Conversion 

comparator input and improves conversion speed. With careful 
layout, a new comparison can be performed in less than 15 
microseconds, resulting in 12-bit successive approximation con¬ 
version in under 180 microseconds. The benefit of the AD394 
in this application is that one ADC and three DACs can be 
implemented with only two IC packages (the AD394 and the 
comparator). 

PROGRAMMABLE WINDOW COMPARATOR 

The AD39S can be used to perform limit testing of responses to 
digitally-controlled input signals. For example, two DACs may 
be used to generate software-controlled test conditions for a 
component or circuit. The response to these input conditions 
can either be completely converted from analog to digital or 
simply tested against high and low limits generated by the two 
remaining DACs in the AD395. 



Figure 15. Programmable Window Comparator Used in 
Power-Supply Testing 

In the circuit of Figure 15, two AD311 voltage comparators are 
used within AD395 to test the output of a 5 volt power-supply 
regulator. The AD395 Vouri output (through an appropriate 
current booster) drives the input to the regulator to simulate 
variations in input voltage. The output of the regulator is applied 
to comparators 1 and 2, with their outputs wire-ORed with 
LED indicators as shown. The test limits for each comparator 
are programmed by the AD395 Vourz and Vout 3 outputs. 

When the output of the device under test is within the limits, 
both comparators are off and D1 lights. If the output is above 
or below the limits, either D4 or D5 lights. 

AD395 AS A MULTIPLIER AND ATTENUATOR 

So far, it has been assumed that the reference voltage Vrefin is 
fixed. In fact, Vrefin can be any voltage within the range (- IIV 
< Vrefin < + HV). It can be negative, positive, sinusoidal or 
whatever the user prefers. This leads to the name “Multiplying 
D/A Converters” because the output voltage, Vout> is proportional 
to the product of the digital input word and the voltage at the 
Vrefin terminal. 

VouT = -1 • (Vrefin) • ^ (0<D<4095) 

D is the fractional binary value of the digital word applied to 
the converter. The AD395 multiplies the digital input value by 
the analog input voltage at Vrefin for any value of Vrefin np 
to 22V p-p. This in itself is a powerful tool. Any applications 
requiring precision multiplication with minimal zero offset and 
very low distortion should consider the AD395 as a candidate. 
One popular use for AD395 is as a audio frequency attenuator. 
The audio signal is applied to the Vrefin input and the attenuation 
code is applied to the DAC; the output voltage is the product of 
the two - an attenuated version of the input. The maximum 
attenuation range obtainable utilizing 12-bits is 4096:1 or 72db. 



DIGITAL FRACTION D 
(FROM ANALOG-TO-DIGITAL CONVERTER) 


Figure 16. AD395 as a Multiplier or Attenuator 
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FEATURES 




Transfer Function 


Wide Dynamic Range (Denominator) -1000:1 

Simultaneous Multiplication and Division 

Resistor-Programmable Powers & Roots 

No External Trims Required 

Low Input Offsets <100p,V 

Low Error ±0.25% of Reading (100:1 Range) 

+ 2V and +10V On-Chip References 
Monolithic Construction 


APPLICATIONS 

One- or Two-Quadrant Mult/Div 
Log Ratio Computation 
Squaring/Square Rooting 
Trigonometric Function Approximations 
Linearization Via Curve Fitting 
Precision AGC 
Power Functions 


PRODUCT DESCRIPTION 

The AD538 is a monolithic real-time computational circuit 
which provides precision analog multiplication, division and 
exponentiation. The combination of low input and output offset 
voltages and excellent linearity results in accurate computation 
over an unusually wide input dynamic range. Laser wafer trimming 
makes multiplication and division with errors as low as 0.25% of 
reading possible, while typical output offsets of IOOjjlV or less 
add to the overall off-the-shelf performance level. Real-time 
analog signal processing is further enhanced by the device’s 
400kHz bandwidth. 


AD538 FUNCTIONAL BLOCK DIAGRAM 



Direct log ratio computation is possible by utilizing only the log 
ratio and output sections of the chip. Access to the multiple 
summing junctions adds further to the AD538’s flexibility. 
Finally, a wide power supply range of ± 4.5V to ± 18V allows 
operation from standard ±5V, ± 12V and ± 15V supplies. 


The AD538 is available in two accuracy grades (A and B) over 
the industrial (- 25°C to + 85°C) temperature range and one 
grade (S) over the military (-55°C to + 125°C) temperature 
range. The device is packaged in an 18-pin TO-118 hermetic 
side-brazed ceramic DIP. 


The AD538’s overall transfer function is Vq =Vy (VzA^x)™- 
Programming a particular function is via pin strapping. No 
external components are required for one quadrant (positive 
input) multiplication and division. Two quadrant (bipolar 
numerator) division is possible with the use of external level 
shifting and scaling resistors. The desired scale factor for both 
multiplication and division can be set using the on-chip + 2V or 
+ lOV references, or controlled externally to provide simultaneous 
multiplication and division. Exponentiation with an m value 
from 0.2 to 5 can be implemented with the addition of one or 
two external resistors. 


PRODUCT HIGHLIGHTS 

1. Real-time analog multiplication, division and exponentiation. 

2. High accuracy analog division with a wide input dynamic 
range. 

3. On-chip 4-2V or + lOV scaling reference voltages. 

4. Both voltage and current (summing) input modes. 

5. Monolithic construction with lower cost and higher reliability 
than hybrid and modular circuits. 
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(Vs = ± 1SV, Ta^ 25't unless otherwise specified) 





AD538AD 


AD538BD 


AD538SD 



Parameters 

Conditions 

Min 

Typ 

Max 

Min 

Typ 

Max 

Min 

Typ 

Max 

Units 

MULTIPLIER/DIVIDER 

PERFORMANCE 












Nominal Transfer 




m 


/v 

\in 


/v \' 

tn 


Function 

10V>Vx,Vy,Vz^0 

Vo 



Vo 

= Vv(vJ 

) 

Vo = 





400|iA^IxjIy>Iz“^ 

Vo = 

25kax Iy 

K) 

Vo = 

25kax I 

''W 

Vo-25kax Iy 

ft)' 


Total Error Terms 



±0.5 

±1 


±0.25 

±0.5 



±1 

% of Reading + 

100:1 Input Range‘ 




±500 



±250 


±200 

±500 

fxV 


VzSl0Vx,m=1.0 
Ta ~ Tmin to Tmax 


±1 

±2 


±0.5 

±1 


±1.25 

±2.5 

% of Reading + 




±450 

±750 


±350 



IQgg 

±1000 

J.V 

Wide Dynamic Range^ 

10mV<Vx^l0V 


±1 

±2 



±1 


±1 

±2 

% of Reading + 


lmV<VY^10V 



gtfilii 


±100 

±250 




fxV + 


OVsVz^lOV 



±250 



±150 




JJLVx(Vy + Vz)/Vx 


Vz^l0Vx,m = 1.0 

TA = TmintoTmax 


±1.5 

±3 



±2 


±2 

±4 

% bf Reading + 






i 


±500 


±750 

Hlililil 

(xV + 







±350 




±1000 

fjLVx(VY + Vz)/Vx 

Exponent (m) Range 

Ta ~ T min to T max 

n^m 


5 

mn 


5 



5 


OUTPUT 

CHARACTERISTICS 












Offset Voltage 

Vy = 0,Vc= -600mV 


±200 

±500 


±100 

±250 


±200 

±500 

fxV 


TA = Tmint0Tmax 


±450 

±750 


±350 

±500 


±750 

±1000 

^lV 

Output Voltage Swing 

RL = 2ka 

-11 


±11 

-11 


+ 11 

-11 


+ 11 

V 

Output Current 


5 

10 


5 

10 


5 

10 


mA 

FREQUENCY RESPONSE 












Slew Rate 



1.4 



1.4 



1.4 


V/jJLS 

Small Signal Bandwidth 

100mV<VY,Vz, 

VxSlOV 


400 



400 



400 


kHz 

VOLTAGE REFERENCE 












Accuracy 

VREF=10Vor2V 


±25 

±50 


±15 

±25 


±25 

±50 

mV 


TA = TmintoTmax 


15 

30 


15 

30 


15 

30 

ppm/°C 

Output Current 

VREF=10Vto2V 

1 

2.5 


1 

2.5 


1 

2.5 


mA 

Power Supply Rejection 
+ 2V = Vref 

±4.5V<Vs^±18V 


300 

600 


300 

600 


300 

600 

M-V/V 

+ 10V-VREF 

±13V<VsS±18V 


200 

500 


200 

500 


200 

500 

^JLV/V 

POWER SUPPLY 












Rated 

RL = 2kn 


±15 



±15 



±15 


V 

Operating Range^ 


±4.5 

±18 

±4.5 


±18 

±4.5 


±18 

V 

PSRR 

±4.5V<Vs<±18V 

Vx = Vy = Vz= 1V 
VoUT=lV 


0.05 

0.1 


0.05 

0.1 


0.05 

0.1 

%/v 

Quiescent Current 



4.5 

7 


4.5 

7 


4.5 

7 

mA 

TEMPERATURE RANGE 












Rated 


-25 


+ 85 

-25 


+ 85 

-55 


+ 125 

°C 

Storage 


-65 


+ 150 

-65 


+ 150 

-65 


+ 150 

°c 


NOTES 

‘Over the lOOmV to lOV operating range total error is the sum of a percent of reading term and an output offset. With 
this input dynamic range the input offset contribution to total error is negligible compared to the percent of reading 
error. Thus, it is specified indirectly as a part of the percent of reading error. 

^The most accurate representation of total error with low level inputs is the summation of a percent of reading term, 
an output offset and an input offset multiplied by the incremental gain (Vy + Vz)A^x- 
*When using supplies below ± 13V the lOV reference pin must be connected to the 2V pin in order for the 
AD538 to operate correctly. 

Specifications subject to change without notice. 

Specifications shown in boldface are tested on all production units at final electrical test. Results from those 
tests are u^d to calculate outgoing quality levels. All min and max specificatiohs are guaranteed, although 
only those shown in boldface are tested on all production units. 
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RE-EXAMINATION OF MULTIPLIER/DIVIDER 
ACCURACY 

Traditionally, the “accuracy” of (actually the errors of) analog 
multipliers and dividers have been specified in terms of percent 
of full scale. Thus specified, a 1% multiplier error with a lOV 
full scale output would mean a worst case error of + lOOmV at 
“any” level within its designated output range. While this type 
of error specification is easy to test, evaluate, and interpret, it 
can leave the user guessing as to how useful the multiplier actually 
is at low output levels, those approaching the specified error 
limit v(in this case) lOOmV. 

The AD538’s error sources do not follow the percent of full-scale 
approach to specification, thus it more optimally fits the needs 
of the very wide dynamic range applications for which it is best 
suited. Rather than as a percent of full scale, the AD538’s error 
as a multiplier or divider for a 100:1 (lOOmV to lOV) input 
range is specified as the sum of two error components: a percent 
of reading (ideal output) term plus a fixed output offset. Following 
this format the AD538AD, operating as a multiplier or divider 


with inputs down to lOOmV, has a maxinium error of ± 1% of 
reading ± SOOjjlV. Some sample total error calculations for both 
grades over the 100:1 input range are illustrated in the chart 
below. This error specification format is a familiar one to designers 
and users of digital voltmeters where error is specified as a 
percent of reading ± a certain number of digits on the meter 
readout. 

For operation as a multiplier or divider over a wider dynamic 
range (> 100:1), the AD538 has a more detailed error specification 
which is the sum of three components: a percent of reading 
term, an output offset term and an input offset term for the Vy/ 
Vx log ratio section. A sample application of this specification, 
taken from the chart below, for the AD538AD with Vy = IV, 
Vz = lOOmV and Vx = lOmV would yield a maximum error 
of ±2.0% of reading ±500 »jlV ±(1V + 100mV)/10mV x 
250 }jlV or ±2.0% of reading ±500}xV ± 27.5mV. This example 
illustrates that with very low level inputs the AD538’s incremental 
gain (Vy + Vz)/Vx has increased to make the input offset con¬ 
tribution to error substantial. 


AD538 SAMPLE ERROR CALCULATION CHART (worst case) 



Vy 

Vz 

Vx 

Ideal 

Total Offset 

% of Reading 

Total Error 

Total Error Summation 


Input 

Input 

Input 

Output 

Error Term 

Error Term 

Summation 

as a % of the Ideal 


(inV) 

(inV) 

(inV) 

(inV) 

(in mV) 

(in mV) 

(in mV) 

Output 

100:1 

10 

10 

10 

10 

0.5 (AD) 

100 (AD) 

100.5 (AD) 

1.0 (AD) 

INPUT RANGE 





0.25 (BD) 

50 (BD) 

50.25 (BD) 

0.5 (BD) 

Total Error = 
± % rdg 

± Output Vos 

10 

0.1 

0.1 

10 

0.5 (AD) 

100 (AD) 

100.5 (AD) 

1.0 (AD) 





0.25 (BD) 

50 (BD) 

50.25 (BD) 

0.5 (BD) 

I 

1 

1 

1 

0.5 (AD) 

10 (AD) 

10.5 (AD) 

1.05 (AD) 






0.25 (BD) 

5 (BD) 

5.25 (BD) 

0.5 (BD) 


O.I 

0.1 

0.1 

0.1 

0.5 (AD) 

1 (AD) 

1.5 (AD) 

1.5 (AD) 






0.25 (BD) 

0.5 (BD) 

0.75 (BD) 

0.75 (BD) 

WIDE 

1 

0.10 

0.01 

10 

28 (AD) 

200 (AD) 

228 (AD) 

2.28 (AD) 

DYNAMIC 





16.75 (BD) 

100 (BD) 

116.75 (BD) 

1.17 (BD) 

RANGE 









Total Error = 

10 

0.05 

2 

0.25 

1.76 (AD) 

5 (AD) 

6.76 (AD) 

2.7 (AD) 

± % rdg 





1 (BD) 

2.5 (BD) 

3.5 (BD) 

1.4 (BD) 

± Output Vos 

5 

0.01 

0.01 

5 

125.75 (AD) 

100 (AD) 

225.75 (AD) 

4.52 (AD) 

± Input Vos X 
(Vy + Vz)A^X 





75.4 (BD) 

50 (BD) 

125.4 (BD) 

2.51 (BD) 

10 

0.01 

0.1 

1 

25.53 (AD) 

20 (AD) 

45.53 (AD) 

4.55 (AD) 






15.27 (BD) 

10 (BD) 

25.27 (BD) 

2.53 (BD) 


ABSOLUTE MAXIMUM RATINGS 


OUTLINE DIMENSIONS 

Dimensions shown in inches and (mm). 


Supply Voltage.. ± 18V 

Internal Power Dissipation. 250mW 

Output Short Circuit-to-Ground .Indefinite 

Input Voltages Vx, Vy, Vz.( +Vg- IV), - IV 

Input Currents Ix, ly, Iz? lo.ItttA 

Operating Temperature Range. — 25°C to + 85°C 

Storage Temperature Range.. -65°C to + 150° 

Lead Temperature, Storage.I . 60 sec, + 300°C 





T 

0.3 (7.62) 




0.28 (7.12) 

i 

0.91 (23.12) ^ 

0.89 (22.61) ^ 

0.12 (3.05) 
0.06 (1.53) 



NEW PRODUCTS - ICs 3-59 





















5.0 


1000 


6.0 


1200 



Multiplier Error vs. Temperature 
(WOmV < l/x, Vy. l/z ^ W\/J 



-55 -40 -20 


0 20 40 60 80 100 

TEMPERATURE - ”C 


Divider Error vs. Temperature 
(lOOmV < Vx, Vy, Vz ^lOV) 



100 Ik 10k 100k 1M 

INPUT FREQUENCY IN Hz 


Vz Feedthrough vs. Frequency 



Multiplier Error vs. Temperature 
(WmV < Vxr lOOmV) 



Divider Error vs. Temperature 
(WmV ^ Vxr Vy, 14 < WOmV/ 



100 Ik 10k 100k 1M 

INPUT FREQUENCY IN Hz 


Vy Feedthrough vs. Frequency 




DC OUTPUT VOLTAGE, IN VOLTS 


Small Signal Bandwidth vs Denominator Voltage 1kHz Output Noise Spectral Density vs. dc Output Voltage 

(One-Quadrant MuIt/Div) 
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function equals: 



Figure 1. Functional Block Diagram 

FUNCTIONAL DESCRIPTION 

As shown in Figures 1 and 2, the Vz and Vx inputs connect 
directly to the AD538’s input log ratio amplifiers. This subsection 
provides an output voltage proportional to the natural log of 
input voltage Vz, minus the natural log of input voltage Vx- 
The output of the log ratio subsection at B can be expressed by 
the transfer function: 



(where k = 1.3806 x lO'^^ J/K, q =1.6 0219 x 10"^^ C, 

T is in Kelvins) 

The log ratio configuration may be used alone, if correctly tem¬ 
perature compensated and scaled to the desired output level (see 
Applications section). 

Under normal operation, the log-ratio output will be connected 
directly to a second functional block at input C, the antilog 
subsection. This section performs the antilog according to the 
transfer function: 



As with the log-ratio circuit included in the ADS38, the user 
may use the antilog subsection by itself. When both subsections 
are combined, the output at B is tied to C, the transfer function 
of the ADS38 computational unit is: 



Vo=VYe ;Vb = Vc 

which reduces to: 



Finally, by increasing the gain or attenuating the output of the 
log ratio subsection via resistor programming, it is possible to 
raise the quantity VzA^x to the m^^ power. Without external 
programming, m is unity. Thus the overall ADS38 transfer 



where 0.2 < m < S 

When the AD538 is used as an analog divider, the Vy input can 
be used to multiply the ratio VzA^x by a convenient scale factor. 
The actual multiplication by the Vy input signal is accomplished 
by adding the log of the Vy input signal to the signal at C which 
is already in the log domain. 

STABILITY PRECAUTIONS 

At higher frequencies, the multi-staged signal path of the AD538, 
as illustrated in Figure 2, can result in large phase shifts. If a 
condition of high incremental gain exists along that path (e.g., 
Vo = Vy X VzA^x = lOV X lOmV/lOmV = lOV so that 
AVq/AVx = 1000), then small amounts of capacitive feedback 
from Vo to the current inputs Iz or Ix can result in instability. 
Appropriate care should be exercised in board layout to prevent 
capacitive feedback mechanisms under these conditions. 



Figure 2. Model Circuit 


USING THE VOLTAGE REFERENCES 

A stable bandgap voltage reference for scaling is included in the 
ADS38. It is laser-trimmed to provide a selectable voltage output 
of + lOV buffered (Pin 4), +2V unbuffered (Pin 5) or any 
voltages between -I-2V and + 10.2V buffered as shown in Figure 
3. The output impedance at pin 5 is approximately Skfl. Note 
that any loading of this pin will produce an error in the -t- lOV 
reference voltage. External loads on the 4-2V output should be 
greater than SOOkfl to maintain errors less than 1%. 

In situations not requiring both reference levels, the + 2V output 
can be converted to a buffered output by tying pins 4 and 5 



Figures. +2Vto + 10.2VAdjustable Reference 
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together. If both references are required simultaneously, the 
-1- lOV output should be used directly and the + 2V output 
should be externally buffered. 

ONE-QUADRANT MULTIPLICATION/DIVISION 

Figure 4 shows how the ADS38 may be easily configured as a 
precision one-quadrant multiplier/divider. The transfer function 
VouT = Vy (VzA^x) allows “three” independant input variables; 
a calculation not available with a conventional multipher. In 
addition, the 1000:1 (i.e. lOmV to lOV) input dynamic range of 
the AD538 greatly exceeds that of analog multipliers computing 
one-quadrant multiplication and division. 



Figure 4. One-Quadrant Combination Multiplier/Divider 

By simply connecting the input Vx (pin 15) to the + iOV reference 
(pin 4), and tying the log-ratio output at B to the antilog input 
at C, the AD538 can be configured as a one-quadrant analog 
multiplier with 10 volt scaling. If 2 volt scaling is desired, Vx 
can be tied to the + 2V reference. 

When the input Vx is tied to the + lOV reference terminal the 
multiplier transfer function becomes: 



As a multiplier, this circuit provides a typical bandwidth of 
400kHz with values of Vxs Vy or Vz varying over a 100:1 range 
(i.e. lOOmV to lOV). The maximum error with a lOOmV to lOV 
range for the two input variables will typically be +0.5% of 
reading. Using the optional Z offset trim scheme, as shown in 
Figure 5, this error can be reduced to +0.25% of reading. 

By using the + lOV reference as the Vy input, the circuit of 
Figure 4 is configured as a one-quadrant divider with a fixed 
scale factor. As with the one-quadrant multiplier, the inputs 
accept only single (positive) polarity signals. The output of the 
one-quadrant divider with a + lOV scale factor is: 



The typical bandwidth of this circuit is 370kHz with IV to lOV 
denominator input levels. At lower amplitudes, the bandwidth 
gradually decreases to approximately 200kHz at the 2mV input 
level. 


TWO-QUADRANT DIVISION 

The two-quadrant linear divider circuit illustrated in Figure 5 
uses the same basic connections as the one-quadrant version. 
However, in this circuit the numerator has been offset in the 
positive direction by adding the denominator input voltage to it. 
The offsetting scheme changes the divider’s transfer function 
from: 

Vo=10v(|) 

=10v(lA+^) 

= 10A + 10v(Q;whereA = g^ 

As long as the magnitude of the denominator input is equal to 
or greater than the magnitude of the numerator input, the circuit 
will accept bipolar numerator voltages. However, under the 
conditions of a OV numerator input, the output would incorrectly 
equal + 14V. The offset can be removed by connecting the 
+ lOV reference through resistors R1 and R2 to the output 
section’s summing node I at pin 9 thus providing a gain of 1.4 
at the center of the trimpot. The pot R2 adjusts out or corrects 
this offset, leaving the desired transfer function of lOV (VzA/^x)- 



Figure 5. Two-Quadrant Division with WV Scaling 


LOG RATIO OPERATION 

Figure 6 shows the AD538 configured for computing the log of 
the ratio of two input voltages (or currents). The output signal 
from B is connected to the summing junction of the output 
amplifier via two series resistors. The 90.90 metal film resistor 
effectively degrades the temperature coefficient of the ± 3500ppm/ 
°C resistor to produce a 1.09kfl +3300ppm/‘’C equivalent value. 
In this configuration the Vy input, must be tied to some voltage 
less than zero (- 1.2V in this case) removing this input from the 
transfer function. 

The 5kO potentiometer controls the circuit’s scale factor adjust¬ 
ment providing a + IV per decade adjustment. The output 
offset potentiometer should be set to provide a zero output with 
Vx = Vz = IV. The input Vq adjustment should be set for an 
output of 3V with Vz = ImV and Vx = IV. 
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Figure 6. Log Ratio Circuit 

The log ratio circuit shown achieves ±0.5% accuracy in the log 
domain for input voltages within three decades of input range: 
lOmV to lOV. This error is not defined as a percent of full-scale 
output, but as a percent of input. For example, using a IV/decade 
scale factor, a 1% error in the positive direction at the INPUT 
of the log ratio amplifier translates into a 4.3mV deviation from 
the ideal OUTPUT (i.e., IV x logio d-Ol) = 4.3214mV). An 
input error 1 % in the negative direction is slightly different, 
giving an output deviation of 4.3648mV. 


ANALOG COMPUTATION OF POWERS AND ROOTS 

Often it is necessary to raise the quotient of two input signals to 
a power or take a root. This could be squaring, cubing, square-root¬ 
ing or exponentiation to some noninteger power. Examples 
include power series generation. With the AD538, only one or 
two external resistors are required to set ANY desired power, 
over the range of 0.2 to 5. Raising the basic quantity VzA^x to a 
power greater than one requires that the gain of the AD538’s 
log ratio subtractor be increased, via an external resistor between 


R/ 



bJ _C 


ROOTS 


m 

Rb 

Rc 

1/2 

10011 

10011 

1/3 

lOOll 

49.911 

1/4 

15011 

49.911 

1/5 > 

16211 

40.211 


Figure 7. Basic Configurations and Transfer Functions for 
the AD538 


pins A and D. Similarly, a voltage divider which attenuates the 
log ratio output between points B and C will program the power 
to a value less tlian one. 

SQUARE ROOT OPERATION 

The explicit square root circuit of Figure 8 illustrates a precise 
method for performing a real time square root computation. For 
added flexibility and accuracy this circuit has a scale factor 
adjustment. 

The actual square rooting operation is performed in this circuit 
by raising the quantity VzA^x to the 1/2 power via the resistor 
divider network consisting of resistors Rb and Rc. For maximum 
linearity, the two resistors should be 1 % (or better) ratio-matched 
metal film types. 



One volt scaling is achieved by dividing-down the 2V reference 
and applying approximately IV to both the Vy and Vx inputs. 

In this circuit, the Vx input is intentionally set low, to about 
0.95V, so that the Vy input can be adjusted high; permitting a 
± 5% scale factor trim. Using this trim scheme, the output 
voltage will be within ±3mV ±0.2% of the ideal value over a 
lOV to ImV input range (80dB). For a decreased input dynamic 
range of lOmV to lOV (60dB) the error is even less; here the 
output will be within ±2mV ±0.2% of the ideal value. The 
bandwidth of the AD538 square root circuit is approximately 
280kHz with a IV p-p sinewave with a +2V dc offset. 

This basic circuit may also be used to compute the cube, fourth 
or fifth roots of an input waveform. All that is required for a 
given root is that the correct ratio of resistors, Rc and Rb* be 
selected such that their sum is between 150fi and 2000 . 

The optional absolute value circuit shown preceding the AD538 
allows the use of bipolar input voltages. Only one op-amp is 
required for the absolute value function, because the Iz input of 
the AD538 functions as a summing junction. If it is necessary to 
preserve the sign of the input voltage, the polarity of the op-amp 
output may be sensed and used after the computation to switch 
the sign bit of a D.V.M. chip. 
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TRANSDUCER LINEARIZATION 

Many electronic transducers used in scientific, commercial or 
industrial equipment monitor the physical properties of a device 
and/or its environment. Sensing (and perhaps compensating for) 
changes in pressure, temperature, moisture or other physical 
phenomenon can be an expensive undertaking, particularly 
where high accuracy and very low nonlinearity are important. In 
conventional analog systems accuracy may be easily increased by 
offset and scale factor trims, however, nonlinearity is usually the 
absolute limitation of the sensing device. 

With the ability to easily program a complex analog function, 
the ADS38 can effectively compensate for the nonlinearities of 
an inexpensive transducer. The AD538 can be connected between 
the transducer preamplifier output and the next stage of monitoring 
or transmitting circuitry. The recommended procedure for lineariz¬ 
ing a particular transducer is first to find the closest function 
which best approximates the nonlinearity of the device and 
then, to select the appropriate exponent resistor value(s). 

ARC-TANGENT APPROXIMATION 

The circuit of Figure 9 is typical of those AD538 applications 
where the quantity Vz/Vx is raised to powers greater than one. 
In an approximate arc-tangent function, the AD538 will accurately 
compute the angle that is defined by X and Y displacements 
represented by input voltages Vx and Vz- With accuracy to 
within one degree (for input voltages between lOOjxV and 10 
volts), the AD538 arc-tangent circuit is more precise than con¬ 
ventional analog circuits and is faster than most digital techniques. 
For a direct arc-tangent computation that requires fewer external 
components refer to the AD639 data sheet. The circuit shown is 
set-up for the transfer function: 

V, = (Ve„f-V,) " 

Where 0 = Tan ” ^ j 

The (Veref-Ve) function is implemented in this circuit by adding 
together the output, Ve, and an externally applied reference 
voltage, Veref, via an external AD547 op-amp. The l|xF capacitor 


V,=KrEF-V,] e=TAN-’(|) 



connected around the AD547’s lOOkO feedback resistor frequency 
compensates the loop (formed by the amplifier between Ve and 
Vy). 

The Vb/Va quantity is calculated in the same manner as in the 
one-quadrant divider circuit, except that the resulting quotient 
is raised to the 1.21 power. Resistor Ra (nominally 931fl) sets 
the power or m factor. 

For the highest arc-tangent accuracy the external resistors R1 
and R2 should be ratio matched, however, the offset trim scheme 
shown in other circuits is not required, since nonlinearity effects 
are the predominant source of error. Also note, that instability 
will occur as the output approaches 90° because, by definition, 
the arc-tangent function is infinite and therefore, the AD538’s 
gain will be extremely high. 
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FEATURES 

Improved Replacement for LF441 
Low Quiescent Current: 200pA max 
Low Input Bias Current: lOpA max, Warmed-Up 
(AD548C) 

Low Offset Voltage: 250pV max (AD548C) 

Low Drift: 2y^/rC max (AD548C) 

Low Noise: 2p.V p-p, 0.1 to 10Hz 
AC Specs: 1.8V/ps Slew Rate, 1MHz Unity 
Gain Bandwidth 

Available in Plastic, Hermetic CERDIP and 
Hermetic Header Packages 
MIL-STD-883B and Plus Parts Available 
Dual Version Available: AD648 


AD548 PIN CONFIGURATION 



NOTE: PIN 4 CONNECTED TO CASE 



PRODUCT DESCRIPTION 

The AD548 is a low power, precision monolithic operational 
amplifier. It is fabricated with ion-implanted FET and laser 
wafer trimming technologies and offers both low bias current 
(25pA max, warmed-up) and low quiescent current (200|xA 
max). 

The economical J and A grades have a maximum guarapteed . . 
offset voltage of less than 2mV and an offset voltag| drifk;|^^^^ ' 
than 20pV/°C. This level of dc precision is ac^c^e^^tih^ig'* 
Analog’s exclusive laser wafer drift trimnu|^>^^§§i.^*Oie com-|^ 
bination of low quiescent current and |p^j^Act^ft minimizes 
changes in offset voltage due to self-l^|iigSheets. Fqpr ^ditip%l 
grades are offered, which provide incased 
the commercial, industrial and military temp^^tufe radges. 

The AD548 is recommended for any op amp application requirii^ 
low power and excellent dc and ac performance. Battery-powered, 
precision instrument front ends and CMOS DAC buffers will 
benefit from this device’s excellent combination of low offset 
voltage and drift, low bias current and low 1/f noise. High common 
mode rejection (80dB, min on the “B” and “C” versions) and 
high open-loop gain ensures better than 12-bit linearity in high 
impedance buffer applications. 


PRODUCT HIG|[LIGHTS 

1. A combiqadqf|;ipf low supply current, excellent dc and ac 
perforlhan^ arid low drift makes the AD548 the ideal op 
ai]^/or>tlig!i performance, low power applications. 

f|^^^i^Wriipatible with industry standard op amps such as the 
; aqd tii^ AD542, the AD548 enables designers to 

% imj^p^e ^ri^pfiparice while achieving a reduction in power 
^i^ipat;ipS;of up to 85%. 


^4^afe^eed low offset voltage (2mV max) and drift (20 |ulV/‘’C 
arg achieved utilizing Analog Devices’ Laser Wafer 
Dr|&: Tilijn^ing (LWDT) Technology, eliminating the need 
rf:^xtefeit'trimming. 

|5^nateg Devices specifies each device in the warmed-up con- 
dition, thus insuring that the device will meet its published 
specifications in actual use. 


Devices are pinned out in a standard op amp configuration and 
are available in six performance grades. The AD548J and AD548K 
are rated over the commercial temperature range of 0 to 4- 70°C. 
The AD548A, AD548B and AD548C are rated over the industrial 
temperature range of -25°C to +85°C. The AD548S is rated 
over the military temperature range of - 55°C to + 125°C; and 
is available processed to MIL-STD-883B, Rev. C. Devices are 
available in an 8-pin CERDIP, a plastic Mini-DIP or a TO-99 
metal can. 
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SPECIFICATIONS 


(@ +25't and ¥$ = ±15V dc unless otherwise specified) 



AD548J/A/S 

AD548K/B 

AD548C 


Model 

Min Typ Max 

Min Typ Max 

Min Typ Max 

Units 

INPUT OFFSET VOLTAGE^ 





Initial Offset 

2 

0.5 

0.25 

mV 

Input Offset Voltage vs. Temp 

20 

5 

2.0 

|jlV/°C 

Input Offset Voltage vs. Supply, 





Tmin to Tmax 

200 

100 

100 

dB 

INPUT BIAS CURRENT 





Either Input^, CMV = 0 

10 25 

5 10 

5 10 

pA 

Offset Current 

5 

5 

2 

pA 

INPUT IMPEDANCE 





Differential 




mipF 

Common Mode 




nlipF 

INPUT VOLTAGE RANGE 





Differential^ 

±20 

±20 

±20 

V 

Common Mode 

±10 ±12 

±10 ±12 

±10 ±12 

V 

Common Mode Rejection 

80 

80 

80 

dB 

INPUT VOLTAGE NOISE 





Voltage 0. IHz to lOHz 

2 

2 

2 

|xVp-p 

f = IkHz 

35 

35 

35 

nV/\^ 

FREQUENCY RESPONSE 





Unity Gain Small Signal 

1.0 

1.0 

1.0 

MHz 

Full Power Response 

30 

30 

30 

kHz 

Slew Rate, Unity Gain 

1.8 

1.8 

1.8 

V/|xs 

Settling Time to ±0.01% 

8 

8 

8 

|xs 

OPEN LOOP GAIN^ 





Vo=±10V,RL=10kn 

100 

100 

100 

dB 

Tmin to Tniaxj “ lOkfl 

100 

100 

100 

dB 

yo=±10V,RL = 5kD 

86 

86 

86 

dB 

OUTPUT CHARACTERISTICS 





Voltage @ Rl = lOkfl, Tmin to T^ax 

±11 ±13 

±11 ±13 

±11 ±13 

V 

Short Circuit Current 

25 

25 

25 

mA 

POWER SUPPLY 





Rated Performance 

±15 

±15 

±15 

V 

Operating 

±4.5 ±18 

±4.5 ±18 

±4.5 ±18 

V 

Quiescent Current 

150 200 

150 200 

150 200 

jjiA 

TEMPERATURE RANGE 





Operating, Rated Performance 





Commercial (0 to + 70°C) 

AD548J 

AD548K 



Industrial (- 25°C to + SSX) 

AD548A 

AD548B 

AD548C 


Military (-55°C to+125°C) 

AD548S 




Storage 

-65 +150 

-65 +150 

-65 +150 

°C 

PACKAGE OPTIONS 

J Grade: Plastic (N8A) 

K Grade: Plastic (N8A) 




AGrade:CERDIP(Q) 

B Grade: CERDIP(Q) 

C Grade: Cerdip (Q) 



TO-99 Style (H08B) 

TO-99 Style (H08B) 

TO-99 Style (H08B) 



S Grade: CERDIP(Q) 





TO-99 Style (H08B) 





NOTES 

‘ Input Offset Voltage specifications are guaranteed after 5 minutes of operation at Ta = + 25°C. 

^Bias Current specifications are guaranteed maximum at either input after 5 minutes of operation at Ta = + 25°C. 
For higher temperatures, the current doubles every 10°C. 

^Defined as voltage between inputs, such that neither exceeds ± lOV from ground. 

'^Open Loop Gain is specified with Vqs both nulled and unnulled, 

Specifications subject to change without notice. 

Specifications shown in boldface are tested on all production units at final 
electrical test. Results from those tests are used to calculate outgoing quality 
levels. All min and max specifications are guaranteed, although only those 
shown in boldface are tested on all production units. 
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FEATURES 

Guaranteed 16-Bit Monotonicity 
Monolithic BiMOS II Construction 
±0.01% Typical Nonlinearity 
8- and 16-Bit Bus Compatible 
3ps Settling to 16-Bits 
Low Drift 

Low Power; 200mW 
Low Cost 


AD569 FUNCTIONAL BLOCK DIAGRAM 


PRODUCT DESCRIPTION 

The AD569 is a monolithic 16-bit digital-to-analog converter 
(DAC) manufactured in Analog Devices’ BiMOS II process. 
BiMOS II allows the fabrication of low power CMOS logic 
functions on the same chip as high precision bipolar linear circuitry. 
The AD569 includes two resistor strings, selector switches, 
decoding logic, buffer amplifiers, and double-buffered input 
latches on the same chip. 

The AD569’s voltage-segmented architecture insures 16-bit 
monotonicity over time and temperature. Integral linearity is 
maintained at ±0.01%, while differential linearity is ±0.0004%. 
The on-chip high-speed buffer amplifiers provide voltage output 
settling time of 3fxs to within ±0.001% for a full-scale step. 

The reference input voltage which determines the output range 
can be either unipolar or bipolar. Nominal reference range is 
± 5V and separate reference force and sense connections are 
provided for high accuracy applications. The AD569 can also be 
used with a variable or ac reference in multiplying applications. 

Data may be loaded into the AD569’s input latches from 8- and 
16-bit buses. The double-buffered structure simplifies 8-bit bus 
interfacing, and allows multiple DACs to be loaded asynchronously 
and updated simultaneously. Four TTL/LSTTL/ 5V C MOS 
compatible signals control the latches: CS, LBE, HBE, and 
LDAC. 



PRODUCT HIGHLIGHTS 

1. Monotonicity to 16 bits is insured by the AD569’s voltage-seg¬ 
mented architecture. 

2. The output range is ratiometric to an external reference or ac 
signal. Gain error and gain drift of the AD569 are negligible. 

3. The AD569’s versatile data input structure allows loading 
from 8- and 16-bit buses. 

4. The on-chip output buffer amplifier can supply ± 5V into a 
Ikfl load, and can drive capacitive loads of up to lOOOpF. 

5. Kelvin connections to the reference inputs preserve the gain 
and offset accuracy of the transfer function in the presence of 
wiring resistances and ground loops. 


The AD569 is available in four grades: JN and KN versions are 
specified from 0 to + 70°C and are packaged in a 28-pin plastic 
DIP; AD and BD versions are specified from - 25°C to + 85‘’C 
and are packaged in a 28-pin ceramic DIP. The SD version, 
also in a 28-pin ceramic DIP, is specified from - 55°C to 
+ 125°C. 
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SPECIFICATIONS (T* = +25% +Ys = +m -Vs = -12Y, +Vrb: = +5V, -Vref = -5Y, unless otheii^ iHrtBd^ 


Model 

r—- 

AD569JN/AD 

AD569KN/BD 

AD569SD 


Parameter 

Min 

Typ 

Max 

Min 

Tyr 

Max 

Min 

Typ 

Max 

Units 

RESOLUTION 



16 



16 



16 

Bits 

LOGIC INPUTS 











ViH (Logic “1”) 

uM 


5.5 

mm 


5.5 

2.0 


5.5 

Volts 

ViL (Logic “0”) 



0.8 



0.8 

0 


0.8 

Volts 

Iih(Vih = 5.5V) 



10 



10 



10 

|xA 

f 

II 

•-) 



10 



10 



10 

|jiA 

TRANSFER FUNCTION 











CHARACTERISTICS 











Integral Nonlinearity 


±0.02 

±0.04 


±0.01 




±0.04 

%FSR^ 

Tmin to Tmgx 


±0.02 

±0.04 






±0.04 

%FSR 

Differential Nonlinearity 


±1/2 

±1 


±1/4 

±1/2 



±1 

LSB 

Tmifi to Tmn-K 


±1/2 

±1 


±112 

±1 



±1 

LSB 

Unipolar Offset^ 



±500 



±350 



±500 

iiW 

TnuntoTn^ax 



±750 



±450 



±750 

FtV 

Bipolar Offset^ 



±500 



±350 



±500 


to Tgnax 



±750 



±450 



±750 

M-V 

Full Scale Error^ 



±350 



±350 



±350 

jxV 

Tjnin to Tnnax 



±450 



±450 



±450 


Bipolar Zero^ 



±0.04 



±0.024 



±0.04 


Tmin to Tmax 



±0.04 



±0.024 



±0.04 


REFERENCE INPUT 











+ VREFRange^ 

-5 


+ 5 

-5 


+ 5 

-5 


+ 5 

Volts 

‘"VREpRange^ 

-5 


+ 5 

-5 


+ 5 

-5 


+ 5 

Volts 

Resistance 

15 

20 

25 

15 

20 

25 

15 

20 

25 


OUTPUT CHARACTERISTICS 











Voltage 

-5 


+ 5 

-5 


+ 5 

-5 


+ 5 


Capacitive Load 



1000 



1000 



1000 


Resistive Load 

1 



1 



1 




Short Circuit Current 


10 



10 



10 


mA 

POWER SUPPLIES 











Voltage 











+ Vs 

+ 10.8 

+ 12 

+ 13.2 

+ 10.8 

+ 12 

+ 13.2 

+ 10.8 

+ 12 

+ 13.2 

Volts 

-Vs 

-10.8 

-12 

-13.2 

-10.8 

-12 

-13.2 

-10.8 

-12 

-13.2 

Volts 

Current 











+ Is 


+ 9 

+ 13 


+ 9 

+ 13 


+ 9 

+ 13 

mA 

-Is 


-9 

-13 


-9 

-13 


-9 

-13 

mA 

Power Supply Sensitivity^ 











+ 10.8V< + Vs^ + 13.2V 


±0.5 

±2 


±0.5 

±2 


±0.5 

±2 


-10.8V>-Vs^-13.2V 


±1 

±3 


±1 

±3 


±1 

±3 


TEMPERATURE RANGE 











Specified 











JN,KN 

0 


+ 70 

0 


+ 70 




°C 

AD,BD 

-25 


+ 85 

-25 


+ 85 




°C 

SD 







-55 


+ 125 

"C 

Storage 






i 





JN,KN 

-65 


+ 150 

-65 


+ 150 




°c 

AD,BD,SD 

-65 


+ 150 

-65 


+ 150 

-65 


+ 150 

°c 


NOTES 

*FSR stands for Full-Scale Range, and is lOV for a - 5 to -I- 5 V span. 

^Refer to Definitions section. 

^For operation with supplies other than ± 12V, refer to the Power Supply and Reference Voltage Range Section. 
^Measured between + Vref Force and - Vref Force. 

^Sensitivity of Full-Scale Error due to changes in + Vs and sensitivity of Offset to changes in - Vs- 
Specifications subject to change without notice. 

Specifications shown in boldface are tested on all production units at final 
electrical test. Results from those tests are used to calculate outgoing quality 
levels. All min and max specifications are guaranteed, although only those 
shown in boldface are tested on all production units. 
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AC PERFORMANCE CHARACTERISTICS 


These characteristics are included for Design Guidance Only and are not subject to test 
+Vs= +12V;-Vs= -12 V;+Vrq:= +5V;-Vref= -5V except where stated. 


Parameter 

Limit 

Units 

Test Conditions/Comments 

Output Voltage Settling 

5 

p,smax 

No Load Applied 

(Time to ± 0.001% FS 

3 

jistyp 

(DAC output measured from falling edge of LDAC.) 

For FS Step) 

6 

p.smax 

VourLoad = HcOjCload ~ lOOOpF. 


4 

M-styp 

(DAC output measured from falling edge of LDAC •) 

Digital-to-Analog Glitch 
Impulse 

500 

nV-sec typ 

Measured with Vref = OV. DAC registers alternatively loaded 
with input codes of SOOOh and OFFFh (worst-case 
transition). Load = Ikfl. 

Multiplying Feedthrough 

-100 

dBmax 

+ Vref = IV rms lOkHz sine wave, 

-Vref = 0V 

Output Noise Voltage 
Density (IkHz-lMHz) 

40 

nV/VHz typ 

Measured between VouT and - Vref 


TIMING CHARACTERISTICS(+Vs= +i2v.-v,= -lautou) 


Parameter 

Limit 

Units 

Test Conditions/Comments 

Case A^ 



150ns Pulse on HBE, LBE, and LDAC 

twc 

70 

ns min 

CS Pulse Width 

tsc 

60 

ns min 

CS Data Setup Time 

tnc 

0 

ns min 

CS Data Hold Time 

Case 



100ns Pulse on CS 

tWB 

60 

ns min 

HBE, LBE Pulse Width 

tSB 

30 

ns min 

HBE, LBE Data Setup Time 

Thb 

20 

ns min 

HBE, LBE Data Hold Time 

tWD 

70 

ns min 

LDAC Pulse Width 

CaseC 



100ns Pulse on CS 

tws 

70 

ns min 

LDAC & HBE, LBE Pulse Width 

tss 

30 

ns min 

LDAC & HBE, LBE Data Setup Time 

tHS 

10 

ns min 

LDAC & HBE, LBE Data Hold Time 


NOTES _ 

'Write strobe applied to CS as shown in Figure 19a. Address decoding defines which 
register(s) data is strob ed into (see F igure 1). _ 

^Write strobe applied to HBE and/or LBE as in Figure 18 or applied to LDAC 
separately. DAC base a ddress a pplied to CS (se e Figure 1). 

^Write strobe applied to LDAC and either HBE or LBE for synchronous load of 16-bit DAC 
register with one of the 8-bit first-rank registers as shown in Figure 19b (see Figure 2). 
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Figure!. AD569 Timing Diagram 


Figure 2. Timing for Synchronous Load of DAC Register 
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ABSOLUTE MAXIMUM RATINGS^ 

(Ta - + 25°C unless otherwise noted) 


+ Vs (Pin 1) to GND (Pin 18) .. . . . + 18V, -0.3V 

-Vs (Pin 28) to GND (Pin 18).-18V, +0.3V 

+ Vs (Pin 1) to - Vs (Pin 28).+ 26.4V, -0.3V 

Digital Inputs 

(Pins 4-14, 19-27) to GND (Pin 18) . + Vs, -0.3V 


+ Vref Force (Pin 3) to + Vref Sense (Pin 2) ... . ± 16.5V 
- Vref Force (Pin 15) to - Vref Sense (Pin 16) . . . ± 16.5V 

Vref Force (Pins 3, 15) to GND (Pin 18).±Vs 

Vref Sense (Pins 2, 16) to GND (Pin 18).±Vs 

VouT (Pin 17).. Indefinite Short to GND 

Momentary Short to + Vs,—Vs 


Power Dissipation (Any Package).lOOOmW 

Operating Temperature Range 

Conunercial Plastic (JN, KN Versions).0 to + 70°C 

Industrial Ceramic (AD, BD Versions) . . - 25°C to + 85‘’C 

Extended Ceramic (SD Versions) ...... 55°C to + 125°C 

Storage Temperature ..-65°C to +150°C 

Lead Temperature (Soldering, lOsecs) .+300°C 


*Stresses above those listed under “Absolute Maximum Ratings” may 
cause permanent damage to the device. This is a stress rating only and 
functional operation of the device at these or any other conditions above 
those indicated in the operational sections of this specification is not 
implied. Exposure to absolute maximum rating conditions for extended 
periods may affect device reliability. 


ESD SENSITIVITY 

The AD569 features input protection circuitry consisting of large “distributed” diodes and polysilicon 
series resistors to dissipate both high-energy discharges (Human Body Model) and fast, low-energy 
pulses (Charged Device Model). Per Method 3015.2 of MIL-STD-883C, the AD569 has been 
classified as a Category A device. 

Proper ESD precautions are strongly reconmiended to avoid functional damage or performance 
degradation. Charges as high as 4000 volts readily accumulate on the human body and test equipment 
and discharge without detection. Unused devices must be stored in conductive foam or shunts, 
and the foam should be discharged to the destination socket before devices are removed. For 
further information on ESD precautions, refer to Analog Devices’ ESD Prevention Manual. 



OUTLINE DIMENSIONS 

Dimensions shown in inches and (mm). 



28-PIN CERAMIC DIP (D) 



PIN DESIGNATIONS 


+Vs[T 
fVREF SENSE [T] 
»-v„ef force [T 

DBS [T 
DB9 ["s" 

dbio[T 
DB11 [T] 
HBE [T 
DB12 [T 
DB13 no" 

DBM nr 

(MSB) DB15 QT 

csQi 




AD569 

TOP VIEW 
(Not to Scale) 


Is]-Vs 

Tt] DBO (LSB) 

IsIdbi 

“^DBa 

TrjDBa 
'ail LBE 
'221DB4 

in DBS 
lo] DBS 
IslOBT 

33 GND 


013-Vr 


F SENSE 
F FORCE 


28-PIN PLASTIC (N) 

ORDERING INFORMATION 


Integral Nonlinearity 

Differential Nonlinearity 


Temperature Range and Package 

+ 25X 

Tniin—Tmax 



Plastic 

Oto +70^ 

Ceramic 
-25Xto+85** 

Ceramic 

-ssxto+nsx 

±0.04% 

±0.04% 

± ILSB 

±1LSB 

AD569JN 

AD569AD 

AD569SD 

±0.024% 

±0.024% 

± 1/2LSB 

±1LSB 

AD569KN 

AD569BD 

- 
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FUNCTIONAL DESCRIPTION 

The AD569 consists of two resistor strings, each of which is 
divided into 256 equal segments (see Figure 3). The 8MSBs of 
the digital input word select one of the 256 segments on the 
first string. The taps at the top and bottom of the selected segment 
are brought to the inputs of the two buffer amplifiers A1 and 
A2. These amplifiers exhibit extremely high CMRR and low 
bias current, and thus accurately preserve the voltages at the top 
and bottom of the segment. The buffered versions of the segment 
endpoints are applied across the second resistor string, where 
the 8LSBs of the digital input word select one of the 256 taps. 
Output amplifier A3 buffers this voltage and delivers it to the 
output, VoUT- 

Buffer amplifiers A1 and A2 leap-frog up the first string to 
preserve monotonicity at the segment boundaries. For example, 
when increasing the digital code from OOFFh to OIOOhj (the 
first segment boundary), A1 remains connected to the same tap 
on the first resistor, while A2 jumps over it and is connected to 
the tap which becomes the top of the next segment. This allows 
monotonicity even if the amplifiers have large offsets. In fact, 
offset contributes only to integral linearity error. 

CAUTION 

It is generally considered good engineering practice not to insert 
integrated circuits into powered-up sockets. This is especially 
important with the AD569. A powered-up, empty socket config¬ 
ures the buffer amplifiers open-loop such that their outputs are 



Figure 3. AD569 Block Diagram 

at the positive or negative rail. At that point, insertion may 
result in a large current surge between the reference force and 
sense connections which could permanently damage the AD569. 


ANALOG CIRCUIT DETAILS 
Definitions 

LINEARITY ERROR: Analog Devices defines linearity error 
as the maximum deviation of the actual, adjusted DAC output 
from the ideal output (a straight line drawn from 0 to FS-ILSB) 
for any bit combination. The AD569’s linearity is primarily 
limited by resistor uniformity in the first divider (upper byte of 
16-bit input). The plot in Figure 4 shows the AD569’s typical 
linearity error across the entire output range to be within ±0.01% 
of full scale. Maximum linearity error at 25°C for the AD569’s 
JN and AD grades is specified as ±0.04%, and is ±0.024% for 
the KN and BD versions. 


% ERROR 



Figure 4. Typical Linearity 


MONOTONICITY: A DAC is said to be monotonic if the 
output either increases or remains constant for increasing digital 
inputs. All versions of the AD569 are monotonic over their full 
operating temperature range. 

DIFFERENTIAL NONLINEARITY: DNL is the measure of 
the variation in analog value, normalized to full scale, associated 
with a ILSB change in digital input code. Monotonic behavior 
requires that the differential linearity error be less than ILSB 
both at + 25°C and over the temperature range of interest. For 
example, for a ±5 volt output range, a change of ILSB in 
digital input code should result in a 152|xV change in the analog 
output (ILSB = lOV/65,536). If in actual use, however, the 
change is only 38fxV, the differential linearity error would be 
-114p.V, or -3/4LSB. 

By leap-frogging the buffer amplifer taps on the first divider, 
the AD569 typically keeps DNL within ± 38|xV (± 1/4LSB) 
around each of the 256 segment boundaries defined by the 16- 
bit input’s upper byte (see Figure 5). Within the second divider, 
DNL also typically remains less than ± 38|xV as shown in Figure 
6. Since the second divider is independent of absolute voltage, 
DNL is the same within the rest of the 256 segments. 

OFFSET ERROR: The deviation of the analog output from the 
ideal (- Vref) when the inputs are loaded with all zeroes is 
called an offset error. For the AD569, Unipolar Offset is specified 
with OV applied to - Vref and Bipolar Offset is specified with 
— 5V applied to — Vref- Either offset is trimmed by adjusting 
the voltage applied to the - Vref terminals. 
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16-BIT LSB 



16-BIT LSB 



a. Segment 1 


16-BIT LSB 



CODE (HEX) 

b. Segment 256 

Figure 6. Typical DNL Within Segments 


BIPOLAR ZERO, ERROR: The deviation of the analog output 
from the ideal halLscale output of 0,0000V when the inputs are 
loaded with 8000H is called the Bipolar Zero Error. It is tested 
on the AD569 with ± 5 volts applied to the reference terminals. 


MULTIPLYING FEEDTHROUGH ERROR: This is the error 
due to capacitive feedthrough from the reference to the output 
with the input registers loaded with all zeroes. 

FULL-SCALE ERROR: The AD569’s voltage dividing ar¬ 
chitecture gives rise to a fixed full-scale error which is independent 
of the reference voltage. This error is trimmed by adjusting the 
voltage applied to the + Vref terminals. 

DIGITAL-TO-ANALOG GLITCH IMPULSE: The charge 
injected into the analog output when a new input is latched into 
the DAC register gives rise to the Digital-to-Analog Glitch Impulse. 
Glitches can be due to either time skews between the input bits 
or charge injection from the internal switches. Glitch Impulse 
for the AD569 is mainly due to charge injection, and is thus 
measured with the reference connections tied to ground. It is 
specified as the area of the glitch in nV-secs. 

TOTAL ERROR: The worst-case Total Error is the sum of the 
fixed full-scale and offset errors and the linearity error, which is 
ratiometric to the reference voltage. 

POWER SUPPLY AND REFERENCE VOLTAGE RANGES 

The AD569 is specified for operation with ± 12 volt power 
supplies. With ± 10% power supply tolerances, the maximum 
reference voltage range is ± 5 volts. Reference voltages up to 
± 6 volts can be used but linearity will degrade if the supplies 
approach their lower limits of ±10.8 volts (12 volts - 10%). 

If ± 12 volt power supplies are unavailable in the system, two 
3V zener diodes or voltage regulators can be used to drop ±15 
volt supplies to ± 12 volts. Also, a single 6V zener can drop one 
of the supplies to 9 volts with the other supply left at 15V. 
Asymmetrical power supplies can be used since the AD569’s 
output is referenced to - Vref only and thus floats relative to 
logic ground (GND, pin 18). Assuming a worst-case ±1.5 volt 
tolerance on both supplies (10% of 15 volts), the maximum 
reference voltage ranges would be +6 and -2 volts for +Vs - 
+ 15V and - Vs = -9V, and +2 to -8 volts for +Vs = 9V 
and -Vs = -15V. 

If both ±15 volt and ± 5 volt supplies are available, they can 
be used without adjustment. A combination of + Vs = + 15V 
and — Vs = - 5V can support a maximum reference range of 0 
to 6 volts, while supplies of + Vs = +5V and - Vs = - 15V 
can be used for reference ranges up to 0 to - 8 volts. Again, 

± 10% power supply tolerances are assumed. 

NOTE: Operation with +Vs = + 5V alters the input latches’ 
operating conditions causing minimum write pulse widths to 
extend to Ips or more. Control signals CS, HBE, LBE, and 
LDAC should, therefore, be tied low to render the latches 
transparent. 

No timing problems exist with operation at +Vs = 9V and 
- Vs = - 15V. However, 10% tolerances on these supplies 
generate a worst-case condition at —Vs= —16.5V and +Vs = 
+ 7.5V (assuming + Vs is derived from a + 15V supply). Under 
these conditions, write pulse widths can stretch to 200ns with 
similar degradation of data setup and hold times. However, 

± 0.75V tolerances (± 5%) yield minimal effects on digital timing 
with write pulse widths remaining below 100ns. 

ANALOG CIRCUIT CONNECTIONS 

The AD569 is intended for use in apphcations where high reso¬ 
lution and stability are critical. Designed as a multiplying D/A 
converter, the AD569 may be used with a fixed dc reference or 
an ac reference. Vref may be any voltage or combination of 
voltages at + Vforce and - Vforce that remain within the 
bounds set for reference voltages as discussed in the power 


3-72 NEW PRODUCTS - iCs 




supply range section. Since the AD569 is a multiplying D/A 
converter, its output voltage, Vqutj is proportional to the product 
of the digital input word and the voltage at the reference terminal. 
The transfer function is Vour = D* Vref where D is the fractional 
binary value of the digital word applied to the converter using 
offset-binary coding. Therefore, the output will range from 
— Vref for a digital input code of all zeros (OOOOh) to +Vref 
for an input code of all ones (FFFFh). 

For applications where absolute accuracy is not critical, the 
simple reference connection in Figure 7 can be used. Using only 
the reference force inputs, this configuration maintains linearity 
and 16-bit monotonicity, but introduces small, fixed offset and 
gain errors. These errors are due to the voltage drops across 
resistors Ra and Rr shown in Figure 8. With a lOV reference 
voltage, the gain and offset errors will range from 80 to lOOmV. 
Note that the resistance between the force and sense terminals 
cannot be measured with an ohmmeter; the layout of the thin-film 
resistor string adds approximately 4kfl of resistance (Rs) at the 


sense tap which is transparent in actual circuit operation. 

Resistors Ra and Rr were included in the first resistor string to 
avoid degraded linearity due to uneven current densities at the 
string’s endpoints. Similarly, linearity would degrade if the 
reference voltage were connected across the reference sense 
terminals. For those applications in which precision references 
and high accuracy are critical, buffer amplifiers are used at 
+ Vref and - Vref as shown in Figure 9 to force the voltage 
across resistors R1 to R256. This insures that any errors induced 
by currents flowing through the resistances of the package pins, 
bond wires, aluminum interconnections, as well as Ra and Rr 
are minimized. Errors will arise, however, as the buffer amplifiers’ 
bias currents flow through Rs (4kfl). If the bias currents are 
sufficiently large to induce such errors, resistance can be inserted 
at the noninverting terminal (Rrc) of the buffer amplifiers to 
minimize the errors. Suitable amplifiers are the ADS 17, 

AD OP-07, AD OP-27, and AD711. 


+ 15V -9V 



OB15 DBO 


Figure 7. Simple Reference Connection 
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DB15 DBO 


Figure 10. Ultra Low Drift ±5V Tracking Reference 


Figures 10, 11, and 12 show reference configurations for various 
output ranges. The pin-programmable AD588 shown in Figure 
10 provides a tracking ± 5V option or single + 5V and - 5V 
outputs with l-3ppm/°C temperature stability. Buffer amplifiers 
are included for direct connection to the AD569. The low-cost 
AD584 offers 2.5V, 5V, and 7.5V options and can be connected 
for ±5V tracking outputs as shown in Figure 12. If - Vs, rather 
than + Vs, is used to power the AD584, the same negative 
output ranges can be generated. 





Figure 11. Low Cost Programmable Reference 



Figure 12. Low Cost ±5V Tracking Reference 


MULTIPLYING PERFORMANCE 

The AD569’s multiplying mode gain and phase characteristics 
are illustrated in Figure 13. Figure 13a shows the full power 
multiplying bandwidth while Figure 13b shows the associated 
phase shift. Performance is plotted for both a full-scale input of 
FFFFh and an input of 8080h- An input of 8080h represents 
worst-case conditions since it places the buffer taps at the midpoints 
of both dividers. Figure 14 illustrates the AD569’s ability to 
resolve 16-bits (where ILSB is 96dB below full scale) while 
keeping the noise floor below - 130dB with an ac reference of 
IV rms at 200Hz. 



a. Bandwidth 



1kHz 10kHz 100kHz 1MHz 


b. Phase Shift 

Figure 13. Full Power Multiplying Performance 
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b. Frequency Domain 

Figure 74. Multiplying Mode Performance (Input 
Code 0001 h) 


Multiplying feedthrough is due to capacitive coupling between 
the reference inputs and the output. As shown in Figure 15, 
feedthrough remains below - lOOdB at ac reference frequencies 
up to lOkHz under worst-case conditions (hex input code 0000). 


GROUNDING RULES 

It is generally considered good engineering practice to use bypass 
capacitors on the device supply voltage pins and to insert small 
valued resistors in the supply lines to provide a measure of 
decoupling between various circuits in a system. With the AD569, 
bypass capacitors of 4.7|jlF or more and series resistors of lOfl 
are needed to slow down fast rising edges on the supply lines 
which could latch the device. Referred to the reference connection 
only, the AD569’s analog output floats relative to the device’s 
ground pin. Therefore, the supplies should be decoupled to the 
load ground, which need not be at the same potential as pin 18. 
The GND pin only establishes the reference for the logic 
inputs. 

NOISE 

In many high resolution systems, noise is often the limiting 
factor. Using a 10 volt span, a 16-bit LSB (-96dB) is only 
152|xV, so the noise floor must remain below that in the frequency 
range of interest. The AD569’s noise spectral density is shown 
in Figures 16 and 17. The lowband noise spectrum in Figure 16 
shows the 1/f corner frequency at 1.2kHz, while Figure 17 
shows the wideband noise to be below 40nV/VHz. 
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Figure 16. Lowband Noise Spectrum 
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Figure 15. Multiplying Feedthrough 


Figure 17. Wideband Noise Spectrum 
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DIGITAL CIRCUIT CONNECTIONS 

The AD S69’s truth table appears in T able L The High Byte 
Enable (HBE) and Low Byte Enable (LBE) inputs load the 
upper and lower bytes of the 16-bit input when Ch ip Selec t 
(CS) is valid (low). A similar strobe to Load DAC (LDAC) 
loads the 16-bit input into the DAC register and completes the 
DAC update. The DAC register can either be loaded with a 
separate write cycle or synchronously with either of the 8-bit 
registers in the first rank. The simultaneous update of several 
AD569’s can be achieved by controlling their LDAC inputs 
with a single control signal. 



USE 

£S£ 

Lt>AC 

OPERATION 

1 

X 

X 

X 

No Operation 

X 

1 

1 

1 

No Operation 

0 

0 

1 

1 

Enable 8MSBs of First Rank 

0 

1 

0 

1 

Enable 8LSBs of First Rank 

0 

1 

1 

0 

Enable 16-Bit DAC Register 

0 

0 

0 

0 

All Latches Transparent 


Table I. AD569 Truth Table 


All four control inputs are active low and TTL-compatible. The 
latches are level-triggered, so if the DAC register is loaded 
directly off the bus, any invalid data at t he digital inputs will 
cause spurious analog outputs as LDAC goes valid. This can be 
avoided by using an extra write cycle to load the DAC register 
or by delaying the write strobe pulse until the data is valid. If 
the pulse is delayed, the appropriate data hold time must still be 
obeyed (see Timing Characteristics). 

When ever poss ible, the write strobe signal should be applied to 
HBE and LBE with the AD569’s decoded address appl ied to 
CS. With a minimum pulse width of 60ns at HBE and LBE, 
this allows the AD569 to interface to the fastest microprocessors. 
Actually, data can be latched with narrower pulses, but the data 
setup and hold times must be lengthened. 

16-Bit Microprocessor Interfaces 

Since 16-bit microprocessors supply the AD569’s complete 16- 
bit input in a single write cycle, the DAC register is often un- 
necessa ry. If so, it should be made transparent by grounding 
LDAC. The DAC’s decoded ad dress shou ld be applied to CS, 
with the write strobe applied to HBE and LBE as shown in the 
68000 interface in Figure 18. 



Figure 18. AD569/68000 Interface 



a. Simple Interface 



b. Fast Interface 


Figure 19. 8-Bit Microprocessor Interface 

8-Bit Microprocessor Interfaces 

Since 8-bit microprocessors require two write cycles to provide 
the AD569’s 16-bit input, the DAC register must be utilized. It 
is most often loaded as the second byte enters the first rank of 
latches. This syn chronous load met hod, sho wn in Figure 19, 
requires LDAC to be tied to either LBE or HBE, depending on 
the byte loading sequence. In either case, the propagation delay 
through the first rank gives rise to longer ti ming re quirements 
as shown in Figure 2. If the DAC register (LDAC) is controlled 
se parately using a third write cycle, the minimum write pulse 
on LDAC is 70ns, as shown in Figure 1. 

Two basic methods exist for interfacing the AD569 to an 8-bit 
microprocessor’s address and control busses. In either case, at 
least one address line is needed to differ entiat e bet ween the 
upper and lower bytes of the first rank (HBE and LBE). The 
simpl est metho d involves applying the two a^resses directly to 
HBE and LBE and strobing the data using CS as shown in 
Figure 19a. However, the minimum pulse width on CS is 70ns 
with a minimum data setup time of 60ns. If operation with a 
shorter pul^width is required, the base address should be 
applied to CS with an a ddres s line gated with the strobe signal 
to supply the HBE and LBE inputs (see Figure 19b). However, 
since the write pulse sees a propagation delay, the data still 
must remain valid at least 20ns after the rising edge of the delayed 
write pulse. 

OUTPUT SETTLING 

The AD569’s output buffer amplifier typically settles to within 
±0.001% FS of its final value in 3|xs for a lOV step. Figure 20 
shows settling for positive and negative full-scale steps with no 
load applied. Capable of sourcing or sinking 5mA, the output 
buffer can also drive loads of Ikfl and lOOOpF without loss of 
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stability. Typical settling to 0.001% under these worst-case 
conditions is 4|xs, and is guaranteed to be a maximum of 6}xs. 
The plots of Figure 20 were generated using the settling test 
procedure discussed in the next section. 




b. Turn-Off Settling 
Figure 20. Full-Scale Output Settling 


TESTING 16-BIT DAC SETTLING 

Because the settling time of a 16-bit D-A converter is so difficult 
to measure accurately, manufacturers often estimate the value 
based on the appropriate number of time constants. However, a 
special technique, developed specifically for the AD569, resolves 
performance to within lOOjuiV with 10 |jlV repeatability. 

The method, performed under program control, averages the 
output of a high-resolution strobed comparator and feeds that 
signal back to the noninverting input for use as an offset adjust¬ 
ment. An integrator compares the averaged output with a 1.4V 
reference several times, after which the comparator’s output 
reflects an appropriate 50-50 balance of high and low results. 

A programmable pulse generator drives the digital inputs of the 
converter with a pulse train whose period is long enough to 
ensure that the converter will properly settle (see Figure 21). 
The comparator’s strobe input is also driven by a pulse train, 
one that is slightly offset in time from that applied to the 
converter. 

The converter’s output can then be mapped indirectly by varying 
the strobe delay time and measuring the change in the comparator’s 
offset with a precision digital voltmeter. A 100-to-l divider 
improves the meter’s effective resolution. If a computer controls 
the two programmable pulse generators, the test procedure can 
be fully autoihated. 

In practice, a measurement starts when the strobe signal is 
delayed long enough after the input signal to the converter to 
ensure that the device under test has settled. The loop offset 
value measured at this moment represents the final value. Next, 
the delay is shortened, and after the filtering loop has settled, 
the resultant offset change determines the converter’s output 
change. 

The strobe delay time is decreased in increments suitable for the 
resolution desired until the converter goes outside the desired 
error window. In the setup described, the generator can produce 
pulses as short as Ins. The settling time is the strobe delay 
period when the offset change first becomes larger than the 
desired error band - typically 1/2LSB. 



Figure 21. DAC Settling Test Fixture 
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Schottky diodes limit the input to the high-resolution comparator 
to ± 500mV. A clamped node on that input is formed by two 
4kfl load resistors, and the voltage on the lower one must be set 
to a value equal in magnitude but opposite in polarity to the 
expected final value of the converter’s output for a transition of 
interest. 

Rather than tying together all the digital inputs for a full-scale 
transition test, the inputs can be driven by two inputs 180° out , 
of phase. Gating the two pulse trains to the separate inputs 
allows any type of transition to be measured, for example, LSB 
transitions. 

The measurement technique extends beyond D/A converter 
testing. For instance, it can evaluate the settling times of opera¬ 
tional amplifiers to within 0.0007%. Here, the AD569 D/A 
converter could be used as a precision analog pulse generator. 

APPLICATION 

High-Speed, High-Resolution Subranging ADC 

A D/A converter is an integral component in subranging ADCs. 
The conversion process involves sequentially performing two or 
three low resolution A/D “flash” conversions; each subsequent 
conversion is aimed at increasing the ADC’s resolution. This 
method requires more hardware than the successive-approximation 
and integration approaches, but results in much shorter conversion 
times. On the other hand, “flash” ADCs are faster than subranging 
ADCs but the brute force flash technique is impossible at high 
resolutions. 


The subranging ADC shown in Figure 22 completes a conversion 
in less than 20jjLS, including the sample-hold amplifier’s sample 
time. The sample-hold amplifier is allocated 5|xs to settle to 16 
bits. 

Before the first flash, the analog input signal is routed through 
the AD630 at a gain of 4-1. The lower AD7820 quantizes the 
signal to the 8-bit level within 1.4(xs, and the 8-bit result is 
routed to the AD569 via a digital latch which holds the 8-bit 
word for the AD569 and the output logic. 

The AD569’s reference polarity is reversed so that a full-scale 
output is - 5V and zero scale is OV, thereby subtracting an 8- 
bit approximation from the original sampled signal. The residue 
from the analog subtraction is then quantized by the second 8- 
bit flash conversion to recover the 8LSBs. Even though only the 
AD569’s upper 8MSBs are used, the AD569’s accuracy defines 
the A/D converter’s overall accuracy. Any errors are directly 
reflected in the output. 

Preceding the second flash, the residue signal must be amplified 
by a factor of 256. The OP-37 provides a gain of 25.6 and the 
AD630 provides another gain of 10. In this case, the AD630 
acts as a gain element as well as a channel control switch. 

The second flash conversion yields a 9-bit word. This provides 
one extra bit of overlap for digital correction of any errors that 
occurred in the first flash. The correction bit is digitally added 
to the first flash before the entire 16-bit output is strobed into 
the output register. 


G= 1 



Figure 22. 16-Bit Sub ranging A DC 
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ANALOG 

DEVICES 


Complete 10-Bit A/D Converter 
with Serial Output 


AD575* 


FEATURES 

Complete Serial Output 10-Bit A/D Converter with 
Reference, Clock and Comparator 
30ps Conversion 

No Missing Codes Over Temperature 
Operates on +5V and -12V to -15V Supplies 
Low Cost Monolithic Construction 
Internal or External Clock 
Triggered or Continuous Conversions 
Short Cycle Capability 


GENERAL DESCRIPTION 

The AD575 is a complete 10-bit successive-approximation analog- 
to-digital converter consisting of a DAC, voltage reference, 
clock, comparator, successive approximation register (SAR) and 
serial interface on a single chip. No additional components are 
required to perform a full-accuracy 10-bit conversion in 30p<s. 

The AD575 incorporates the most advanced integrated circuit 
design and processing technology available. The successive 
approximation function is implemented with I^L (integrated 
injection logic). Laser trimming of the SiCr thin-film resistor 
ladder network at the wafer stage insures high accuracy, which 
is maintained with a temperature-compensated sub-surface zener 
reference. 

Operating on supplies of +5V and - 12V to - 15V, the AD575 
will accept full scale analog inputs of OV to + lOV, OV to +20V, 
- 5V to 4- 5V or — lOV to + lOV. The rising edge of a positive 
pulse on the CONVERT line initiates the conversion cycle. 
Eleven pulses will appear at the CLOCK OUTPUT pin with 
data valid on the falling edges of the clock waveform. The data 
is presented serially beginning with the MSB which is valid on 
the falling edge of the second clock pulse. The part may be 
programmed to perform 8-bit conversions or short cycled to 2-, 
4-, 6- or 8-bit word lengths. EOC indicates that conversion is 
complete. The AD575 may be synchronized to an external clock 
if desired. 


AD575 FUNCTIONAL BLOCK DIAGRAM 


DIGITAL 

V+ V- COMMON CONVERT 



CU5CK 

INHIBIT 


EXTERNAL 

CLOCK 

CLOCK OUTPUT 


DATA OUTPUT 


SHORT CYLE 
AND TERMINATE 


END OF 
CONVERSION 


Two package types are available. All versions are offered in a 
14-pin hermetically-sealed ceramic DIP. The AD575J and 
AD575K are also available in a 14-pin plastic DIP. 


PRODUCT HIGHLIGHTS 

1. The AD575 is a complete 10-bit A/D converter. No external 
active components or control signals are required to perform 
a conversion. 

2. The serial output of the AD575 allows a wide range of micro¬ 
processor interfacing and data transmission possibilities. 

3. The device offers true 10-bit relative accuracy and exhibits 
no missing codes over its entire operating temperature range. 

4. The AD575 adapts to unipolar or bipolar analog inputs by 
grounding or opening a single pin. 

5. Performance is guaranteed with -I-5V and - 12V or - 15V 
supplies. 

6. The AD575 can be synchronized to an external clock. 

7. Conversions can be initiated externally or internally. 

8. The AD575 can be short-cycled to 8 bits by pin 
programming. 

9. The Short Cycle and Terminate feature allows the user to 
program conversions of 2, 4, 6 or 8 bits. 


The AD575 is available in two versions for the 0 to +70°C 
temperature range, the AD575J and AD575K. The AD575S 
guarantees ± ILSB relative accuracy and no missing codes from 
-55Xto +125°C. 


♦Protected by U.S. Patent Nos. 3,940,760; 4,400,689; and 4,400,690. 
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SPECIFICATIONS (@25n;,Y+ = +5V.Y- = -12Yor -15Y,mtessottietivi» 



AD575J 

AD575K 

AD575S 


Min 

Typ 

Max 

Min 

Typ 

Max 

Min 

Typ 

Max 

Units 

RESOLUTION 

For Which No Missing Codes 
is Guaranteed 

TmintoTnua 

10 

9 



10 

10 



10 

10 



Bits 

Bits 

UNIPOLAR OFFSET 

TmintoT^ 



±2 

±2 



m 



±2 

±2 

B^l 

BIPOLAR ZERO 

Tmin to Tmay 









±2 

±2 

LSB 

LSB 

GAIN ERRORS 


±2 




±2 



±2 

LSB 

GAINDRIFT^ 

TnuntO +25X 
+ 25XtoT„^ 




B 

B 


B 

B 

±5 

±5 

m 

RELATIVE ACCURACY^ 

TnuntoTnMx 



±1 

±1 


■ 

±1/2 

±1/2 





POWER SUPPLY REJECTION^ 
Positive Supply: 

+4.5V:£V+< + 5.5V 

Negative Supply: 

-15.75V<V-<-14.25V 
-12.6V<V-<-11.4V 



±2 

±2 

±2 


1 

■ 

1 

1 

±2 

±2 

±2 

LSB 

LSB 

LSB 

ANALOG INPUT IMPEDANCE 
Pinl,Pin2 

m 

10 

14 


10 

14 

m 

10 

14 

kft 

ANALOG INPUT RANGES 

Unipolar 

Bipolar 

OtolO 

0to20 
-5to+5 
-lOto + 10 

OtolO 

0to20 
-5to+5 
-lOto + 10 

OtolO 

0to20 
- 5 to + 5 
-lOto + 10 

V 

V 

V 

V 

OUTPUT CODING 

Unipolar 

Bipolar 

NEGATIVE TRUE BINARY 
NEGATIVE TRUE OFFSET 
BINARY 

__ 

NEGATIVE TRUE BINARY 
NEGATIVE TRUE OFFSET 
BINARY 

NEGATIVE TRUE BINARY 
NEGATIVE TRUE OFFSET 
BINARY 


LOGIC OUTPUTS (T^^ to T„^ 

VoL @ IsiNK = 3.2mA 

VoH @ IsouRCE = 0‘5mA 

0 

2.4 


BB 

0 

2.4 


0.4 

5.0 

0 

2.4 


0.4 

5.0 

V 

V 

LOGIC INPUTS (Jn^ to 

IlNH@ Vin=5V^ 

Iinl@V,n=0V5 

ViNH 

ViNL 

-800 

2.0 

0 

■ 

H 

-800 

2.0 

0 

B 


-800 

2.0 

0 

■ 


|i.A 

p.A 

V 

V 

CONVERSION TIME (Tnun to T„^ 
Internal Clock 

External Clock 

10 

25 

20 

30 

10 

25 

20 

■ 

10 

25 

20 

30 

|XS 

|JIS 

POWER SUPPLY 

v+ 

V- 

+4.5 

-11.4 


+ 5.5 
-15.75 

+4.5 

-11.4 



+4.5 

-11.4 



V 

V 

OPERATING CURRENT 

V+ 

v~ 


B 

25 

15 


15 

9 



15 

9 

25 

15 

mA 

mA 


NOTES 

*Gain Error is specified with a ISO resistor in series with the lOV input (Pins 1 and 2 tied together) or a 
30n resistor in series with the 20V input (Pin 1 with Pin 2 tied to analog common). 

Gain Error is guaranteed trimmable to zero (see text). 

^The gain drift is calculated from gain measurements at the extremes of the temperature range under consideration. 

^Relative Accuracy, also referred to as Integral Linearity, is defined as the deviation of the code transition points 
from the ideal transfer points on a straight line from zero to full-scale. It is also a measure of the error which 
remains when offset and full scale errors are trimmed to zero in an application. 

^Measured at full scale. _ _ 

^These specifications apply to the CONV, XCL, and SCA T inputs. CLI is hardwired to DGND or + Vs in most applications. 
Typically Iikh =+3S0pA and Iikl = I20pA for theCLI input. 

Specifications shown in boldface are tested on all production units at final electrical test. Results from those tests are used 
to calculate outgoing quality levels. All min and max specifications are guaranteed, although only those shown in boldface 
are tested on all production units. 

Specifications subject to change without notice. 
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ABSOLUTE MAXIMUM RATINGS 

V + to Digital Common.0 to + TV 

V-to Digital Common.0 to - 16.5V 

Analog Common to Digital Common.± IV 

Analog Inputs.(V-) -0,3V to +22V 

Control Inputs .0 to V -h 

Digital Outputs (High Impedance State).0 to V + 

Power Dissipation.SOOmW 

NOTE 

All pins must be kept more positive than (V -) - 0.3V. 


AD575 ORDERING GUIDE 


Model 

Package 

Temperature 
Range-X 

Relative 

Accuracy 

AD575JN 

N14A 

Oto +70 

+ ILSBmax 

AD575KN 

N14A 

0 to + 70 

± l/2LSBmax 

AD575JD 

D14A 

0 to + 70 

± ILSBmax 

AD575KD 

D14A 

0 to + 70 

± l/2LSBmax 

AD575SD 

D14A 

-55 to+ 125 

± ILSBmax 


FUNCTIONAL DESCRIPTION 

A block diagram of the AD575 is shown in Figure 1. A c onver sion 
is initiated by a positive pulse on the CONVERT line. EOC 
goes high within 150ns indicating that a conversion has started. 
The internal 10-bit current-output DAC is sequenced by the 
successive approximation register (SAR) from most significant 
bit to least significant bit to provide an output current which 
accurately balances the input signal current through the lOkD 
input resistor(s). The comparator determines whether the addition 
of each successively-weighted bit current causes the DAC current 
to be higher or lo wer than the input current. If the sum is less 
the bit is le ft on (DO set low). If the sum is more, the bit is 
turned off (DO set high). The result of each bit decision is 
passed to DO on the rising edge of CO. 


OUTLINE DIMENSIONS 

Dimensions shown in inches and (mm). 

14-PIN CERAMIC DIP PACKAGE (D14A) 




-*1 0.1 (2.54) 

ooi7!g;88i 

(o.43!§;8|) 


L- 0-30 -J 

(7.62) ^ 


l-f- 

0.095 (2.41) 

T 

^ 0.01 ±0.002 
r (0.25 ±0.05) 



14-PIN PLASTIC DIP PACKAGE (N14A) 



0.150 (3.81) 
0.2 10^(5.33) 





0.033 0.01S 10.381) 

(0.84) 0.021 (0.533) 

NOMINAL 


t 0.300 

(7.62)^^ 

-1 


Figure 1. AD575 Functional Block Diagram 

After all bits have been tested, the DAC output current w ill 
match the input signal current to within 0.05% (1/2LSB). EOC 
returns low after the final bit decision to indicate that the AD575 
has been reset and is ready to perform a new conversion. The 
output data stream can be synchronized to an external clock 
using the XCL i nput an d short cycled to any desired word 
length using the SCAT line. 

The AD575 contains all the active components required to 
perform a complete A/D conversion. Thus, for many applications, 
all that is necessary is to connect the power supplies ( + 5 V and 
- 12V or - 15V), and the analog input. The pinout is shown in 
Figure 2. 


SHORT CYCLE 
AND TERMINATE 



END OF 
CONVERSION 


Figure 2. AD575 Pin Connections 
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ANALOG INPUT CONNECTIONS 

The AD575 can be configured for unipolar or bipolar operation 
on lOV span or 20V span input signals. The appropriate input 
range is selected by connecting pins 2 and 14 according to the 
table of Figure 3. 

The AD575’s low offset and gain errors (shown in the Specifica¬ 
tions) are adequate for most applications. For these cases, a 
fixed gain resistor (R2 in Figure 3) is the only external component, 
in addition to any power supply decoupling that may be required. 
Pins 3 and 13 should be connected directly together. 

Figure 3 shows a trimming circuit that can be used to adjust the 
offset to zero, using the appropriate value of the R1 potentiometer 
as shown in the table. If gain trim is required, R2 should also 
be replaced by the appropriate potentiometer as shown in the 
table. 


ANALOG INPUT RANGE 

CONNECTIONS 
PIN 2 PIN 14 

COMPONENTS 

R1 (OFFSET) R2 (GAIN) 

OVTO +10V 

PIN1 

PIN IS 

1011 

1511 FIXED OR 5011 POT 

OVTO +20V 

PINS 

PIN IS 

2011 

son FIXED OR 10011 POT 

-5VTO +5V 

PIN1 

OPEN 

1011 

1511 FIXED OR 5011 POT 

- 10V TO + 10V 

PINS 

OPEN 

2011 

son FIXED OR 10011 POT 


BIPOLAR CONNECTION 

If the bipolar offset control (pin 14) is left open, the AD575 will 
accept bipolar input voltages with OV as the nominal bipolar 
zero point. The input voltage corresponding to the low side 
transition of the mid-scale code (0111111111) is - 1/2LSB (- 5mV 
for lOV spans and - lOmV for 20V spans). The nominal location 
of the code transitions are therefore offset by 1/2LSB as shown 
in Figure 4. This offset may be adjusted using the trim scheme 
shown in Figure 3 with a 1.2kfl resistor in place of the Ikft 
resistor shown. 





I R1 OFFSET 

f® 


AIN 1 

BIPOLAR 

OFFSET 

AD575 


2 DIGHAL 

COMMON 

ANALOG 

COMMON 





Figure 4. AD575 Transfer Characteristic (Bipolar 
Operation) 

The gain error should be adjusted after any offset adjustment. 
An input voltage of full scale minus 1 l/2LSBs is applied (4.985V 
for -5V to +5V range, 9.971V for - lOV to + lOV range) and 
R2 is adjusted until the low-side transition of the full scale code 
(0000000000) occurs. 

The bipolar offset control input is not directly TTL compatible, 
but a TTL interface for logic control can be constructed as 
shown in Figure 5. 


Figure 3. AD575 Input Circuit Showing Offset and Gain 
Adjustment 


UNIPOLAR MODE OPERATION 

In unipolar mode, the nominal location of the low side transition 
of the first code (1111111110) occurs at an input voltage of 
+ ILSB (lOmV for the lOV span, 20mV for the 20V span). The 
offset error of the AD575 can be trimmed out, if required, by 
applying an input voltage of 4- ILSB to the analog input and 
adjusting R1 until the low side transition of the first code 
occurs. 

If the Gain Error needs to be trimmed, the gain resistor should 
be replaced with a potentiometer according to Figure 3. The 
nominal location of the low side transition of the full scale code 
(0000000000) in unipolar mode is full scale minus ILSB (9.99V 
for lOV span, 19.98V for 20V span). Once the offset has been 
adjusted, the full scale range can be set by adjusting the gain 
potentiometer. 


+ 5V 



GATE OUTPUT = 1 UNIPOLAR INPUT RANGE 

GATE OUTPUT = 0 BIPOLAR INPUT RANGE 


Figure 5. Bipolar Offset Controlled by Logic Gate 
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CONTROL AND T1A«NG OF THE AD575 

The AD575 has a flexible control architecture which supports 
several operating modes. It can provide its own clock or it can 
be synchronized to an external clock. Conversions can be initiated 
externally, or the part can perform continuous conversions yielding 
a stream of output data. In addition, the AD575 can be short-cycled 
to any of several convenient data word lengths to tailor the 
output to the specific input requirements of the system. Figure 
6 shows the control logic diagram of the AD575. The four inputs 
whic h control the operation of the AD575 are CONV (convert), 
CLI (clock inhibit), XCL (external clock), and SCAT (short 
cycle and terminate). Three outp uts are provided: DO (Data 
Out), CO (Clock Out), and EOC (End of Conversion). 

EXTERNALLY INITIATED CONVERSIONS 

Figure 7 is the timing diagram which illustrates the operation of 
the AD575 with an externally applied convert signal. Conversions 
are initiated by a positive-going pulse applied to the CONV 
(convert) input. This pulse should be at least 250ns wide and 
should return low before EOC returns low to prevent the initiation 
of a second conversion. If the internal clock is used, the clock 
will start on the rising edge of the convert start pulse. If an 
external clock is used, the falling edge of the clock must occur 
no earlier than 900ns following the rising edge of the convert com¬ 
mand. 

INTERNAL CLOCK MODE 

The AD57 5 can be configured for internal clock operation by 
tying CLI and XCL to + 5V. CO (clock output) provides the 
necessary syn chronizing information in this mode. Data is trans¬ 
ferred to DO on the rising clock edge and is stable on the falling 
edge. The duty cycle of the CO waveform in this mode will be 
in the range of 30% to 70%. 

EXTERNAL CLOCK MODE 

When CLI is connected to digital common, an external clock 
can be applied to XCL. The external clock should have a maximum 
frequency of 450kHz with a minimum of 900ns in the high or 
low phase. Arbitrarily slow clocks may be used as long as these 


_ A A _ _ _ 

SCAT COM IN DO CO EOC CLI XCL CONV 



Figure 6. AD575 Control Logic Diagram 

minimum high and low periods are observed. Conversion time 
will increase as clock frequency decreases. Each data bit will be 
stable within 150ns of the rising edge of the associated external 
clock pulse and will remain stable until the rising edge of the 
subsequent clock pulse. Data is guaranteed to be stable on the 
falling edge of the clock pulse. 

The state of the DO output during the first clock period is 
undefined but it is stable until the risin g edge of the second 
clock period. The MSB appears at DO during the second clock 
period. The subsequent data bits are then clocked out until the 
N* bit or LSB is clocked out on the (N + 1)^ clock pulse. EOC 
returns low within 150ns of the rising edge of this final clock 
pulse. In internal clock mode, the output clock pulse associated 
with the LSB is shorter than the others but the LSB is guaranteed 
to be stable on the falling edge of this pulse. The LSB will 
remain stable until a new conversion is initiated. The value of N 
will be 10 unless the conversion has been short cycled (see “short 
cycle and terminate” text). 
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CONTINUOUS CONVERSIONS 

Figure 8 is the timing diagram associated with the con tinuo us 
conversion mode of operation. If CONV is high when EOC goes 
low, another conversion will begin immediately. EOC will be set 
(high) following the falling edge of the (N + 1)*^ CO pulse and 
conversion commences with the rising edge of the next CO 
pulse. The (N + CO pulse is not shortened in this mode. If 
CONVERT is held high the AD575 will pu t out a continuous 
stream of conversions, punctuat ed by EOC which will mark the 
last clock pulse of a conversion. EOC will remain low until the 
falling edge of C O, the output clock, in this mode. Therefore, 
the rising edge of EOC may be used to signal that conversion is 
complete and that data is transferred. This sequence is useful 
for initiating parallel dumps from a serially loaded shift register. 

SHORT CYCLE AND TERMINATE 

For nor mal 10-bit operation, the Short Cycle and Terminate 
(SCAT ) liue should be tied high. If 8-bit c onver sions are required, 
SCAT should be tied low. In this mode, EOC will go low after 
the rising edge of the ninth clock pulse to indicate that the 
eighth and final data bit is valid. This mode is useful when 
parallel loads to 8-bit data buses are desired since it avoids the 
complication of suppressing the 9th and 10th data bits. 

Conve rsions of 2, 4, 6 or 8 bits can be performed by pulling 
SCAT low during the negative clock phase prior to the positive 


clock associated with the desired LSB. Figure 9 illustrates the 
timing associated with this mode of operati on. For example, to 
terminate the conversion after six data bits, SCAT should be 
driven low d uring the negative clock phase following the sixth 
clock pulse. EOC will then go low following the rising edge of 
the seventh clock pulse to indicate that the sixth and final data 
bit is valid. 

This terminate feature can also be used to program conversions 
of 1, 3, 5, 7 or 9 bits. However, the conversion immediately 
following a conversion of an odd number of data bits will be 
spurious. All subsequent conversions will be normal until the 
conversion following another odd data word length conversion. 

The negative edge of the SCAT signal should always occur 
during the negative phase of a clock cycle and it should be held 
low for a minimum of 900ns. SCAT may be held low into the 
next conversion but it must be restored high at least o ne cloc k 
cycle prior to being used to terminate a conversio n. If SCAT is 
not restored high prior to the eighth clock pulse, EOC will go 
low and an 8-bit sh ort cycle will occur. Care should be taken 
not to pulse SCAT from high to low between conversions (when 
EOC is low). This would initiate a terminate sequence which 
will execute on the rising edge of the first clock pulse following 
the next Convert command. 


CONTINUOUS 

CONVERSION 

Y y? -‘‘ ^ 
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Parameter 

Symbol 

1 Min Typ 

Max I 

1 Units 

EXTERNALLY-INITIATED CONVERSIONS 

Convert Pulse Width 

tcs 

250 


ns 

Convert to EOC Delay 

tE)CS 


150 

ns 

CO LSB Clock Pulse Width 

tWL 

400 


ns 

XCL to EOC Reset 

tosx 

50 

150 

ns 

TCOto^r EOC Reset Delay 

tost 

20 

150 

ns 

CONTINUOUS CONVERSIONS 

^ XCL to 4 EOC Reset Delay 

toCL 

50 

150 

ns 

4^ XCL to 4 EOC Delay 

toCH 

50 

1000 

ns 

INTERNAL CLOCK TIMING 

Conversion Time 

tcc 

10 20 

30 

)XS 

CO to DO Output Delay 

tODI 

-100 

+ 100 

ns 

EXTERNAL CLOCK TIMING 

Conversion Time 

tcc 

25 


|JIS 

^ XCL to DO Output 

tODX 

30 

150 

ns 

XCL to CO Output 

toxc 

30 

160 

ns 

4^ Convert to XCL 

tocc 

900 


ns 

Set-Up Time 





XCL Period 

tCE 

2.2 


p,s 

XCL High 

tCH 

900 


ns 

XCL Low 

tCL 

900 


ns 

SHORT CYCLE TIMING 

SCAT Pulse Width 

tscw 1 

900 


1 ns 


Table I. AD575 Timing Specifications 


SAMPLE-HOLD AMPLIFIER CONNECTION TO THE 
AD575 

Many data acquisition systems for digitizing rapidly changing 
signals require a sample-hold amplifier (SHA) in front of the 
A/D converter. A SHA can be used to accurately define the 
exact point in time at which the signal is sampled. A SHA can 
also serve as a high input-impedance buffer for the AD575. 

Figure 10 shows the AD575 connected to the AD585 monolithic 
SHA. In this configuration, the AD585 will acquire a lOV signal 
in less than 2|xs and droop less than ImV/ms using the on-chip 
hold capacitor . 

EOC goes high after the conversion is initiated to indicate that a 
conversion is underway. In Figure 10 it is also used to put the 
AD585 into the hold mode while the AD575 begins its conversion 
cycle. (The ADS85 output settles to final value well in ad vance 
of the first comparator decision within the AD575.) EOC goes 
low when the conversion is complete placing the ADS85 back in 
the sample mode. 

Configured as shown in Figure 10, the next conversion can be 
initiated after a 2(xs delay to allow for signal acquisition by the 
AD585. 


+ 5V 



SUPPLY DECOUPLING AND LAYOUT 

For proper operation, the AD575*s power supplies should be 
free from high-frequency noise. The stability of the transfer 
function is especially sensitive to noise on the V - supply. Noise 
on the V + supply can also propagate to the digital outputs. 

If decoupling is required, tantalum capacitors are suggested. 

Best results will be obtained if the capacitors are connected 
directly to the appropriate pins of the AD575. Decoupling 
capacitors for V - should be connected between pin 4 and Analog 
Common (pin 3). Decoupling capacitors for V + should be 
connected between pin 12 and Digital Common (pin 13). 

Good circuit layout practice suggests that the AD575 and its 
associated analog input circuitry be kept separate from system 
logic circuitry to avoid unwanted interactions. 

GROUNDING CONSIDERATIONS 

The AD575 provides separate Analog and Digital Common 
connections. The circuit will operate properly with as much as 
±200mV of common-mode voltage between the two commons. 
The absolute maximum voltage rating between the two commons 
is ± IV. A parallel pair of back-to-back protection diodes should 
be connected between the commons if they are not connected 
locally. 

In normal operation, the Analog Common terminal may generate 
transient currents of up to 2mA during a conversion. In addition, 
a static current of about 2mA will flow into Analog Common in 
the unipolar mode after a conversion is complete. The Analog 
Common current will be modulated by the variations in input 
signal. 
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AD575 TO 8085 INTERFACE 

The 8085 has both serial output (SOD) and serial input (SID) 
capability. A simple 3 hardware line interface can be constructed 
between the AD575 and 8085. These leads can be opto-coupled 
in order to establish galvanic isolation between the two devices 
as shown in Figure 11. 

The software routine in Table II will read a complete 10-bit 
data word from the AD575 in 180p,s (3MHz 8085). The software 
generates the clock for the AD575 in order to synchronize the 
data output with the 8085 serial read operation. 

The DATA procedure loads appropriate constants into the 8085 
registers and initiates the conversion. The CONV procedure 
assumes that the AD575 clock was in the high state when the 
CONVERT pulse was generated (upon completion, this sample 
routine leaves the SOD line in the appropriate state to insure 
this). A low clock pulse is generated, and the data bit is read 
into the MSB of the accumulator. The data bit is then shifted 
into the LSB of the temporary register (L), the clock is set 
high, and the procedure is repeated. 

After the loop has executed three times, a logical AND is performed 
to set the first bit (the undefined bit) to zero, and the result is 
placed into the high byte (H) register. The loop counter is then 
reset, and the CONV procedure is executed 8 more times. Upon 
completion of the sample routine, 10 bits of right-justified data 
will reside in the HL register pair. 

Note that the opto-isolators invert the clock and data lines. If 
these are not used (no inversion present), the constants in the D 
and E registers should be swapped, a CMA instruction should 
be inserted after the RIM instruction, and an inverter should be 
connected between the address decoder and the CONVERT 
pin. Also, the results of the first pass through the routine should 
be ignored following power up and reset cycles to insure that 
the AD575 has been reset. 


LABEL 

MNEMONIC 

OPERAND 

COMMENT 

DATA 

MVI 

B,03 

Set inner loop counter to 3 


MVI 

C,02 

Set outer loop counter to 2 


MVI 

D,CO 

Setup register D for clock low 


MVI 

E,40 

Setup register E for clock high 


MVI 

H,10 

AD57S address location 


MVI 

L,00 

Clear temp register 


MOV 

M,B 

Generate CONVERT pulse 

CONV 

MOV 

A,D 

Setup ACC for clock low 


SIM 


Output clock low 


RIM 


Read AD575 data bit into ACC 


RAL 


Shift data bit into Carry 


MOV 

A,L 

Move temp to ACC 


RAL 


Shift data bit from Carry to ACC 


MOV 

L,A 

Replace temp 


MOV 

A,E 

Setup ACC for clock high 


SIM 


Output clock high 


DCR 

B 

Decrement inner loop counter 


JNZ 

CONV 

Repeat CONV until done 


DCR 

C 

Decrement outer loop counter 


JZ 

DONE 

Skip to DONE on 2nd pass 


MOV 

A,L 

Move temp to ACC 


ANI 

03 

Mask undefined bit 


MOV 

H,A 

Store temp in H register 


MVI 

B,OB 

Set inner loop counter to 8 


JMP 

CONV 

Repeat CONV for 8 LSBs 

DONE 

RET 


10 bits of right-justified data 




now reside in HL; return 


Table It. Sample Assembly Code for AD575 to 8085 Isolated 
Interface 
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Very Fast, Complete 
12-Bit A/D Converter 

AD578 

FEATURES AD578 FUNCTIONAL BLOCK DIAGRAM 



ANALOG 

DEVICES 


Performance 

Complete 12-Bit A/D Converter with Reference and 
Clock 

Fast Conversion: 3|a.s (max) 

Buried Zener Reference for Long Term Stability and 
Low Gain T.C.: ±30ppm/°C max 
Max Nonlinearity: <±0.012% 

No Missing Codes Over Temperature 
Low Power: 875mW 
Hermetic Package Available 
Available to MIL-STD-883 

Versatility 

Positive-True Parallel or Serial Logic Outputs 
Short Cycle Capability 

Precision +10V Reference for External Applications 
Adjustable Internal Clock 
"Z” Models for ± 12V Supplies 


BIT 12 - 

BIT 11 [T| . 
BIT 10 [T • 
BIT 9 [T ■ 
BITS [T - 
BIT? fT ■ 
BIT 6 [T ■ 
BITS [T] - 
BIT 4 fi" ■ 
BIT 3 [IF - 
BIT 2 (TT - 

BIT1 nr ■ 
BTTT (jT ■ 
SHORT CYCLE QF - 
DIGITAL GND QF 
+5V QF 







COMPARATOR 


p2l -15V 
3T1 +15V 

301 ANALOG GND 
29l ZERO ADJ 
28l 20V SPAN INPUT 
TTI 10V SPAN INPUT 
26l BIPOLAR OFFSET 
25l GAIN (REF IN) 

24] REF OUT 
23l SERIAL OUT 
22 I SERIAL OUT 
TTI CONVERT START 
20 ] EOC 
31] CLOCK IN 
31] CLOCK OUT 
TtI clock ADJ 


GENERAL DESCRIPTION 

The AD578 is a high speed 12-bit successive approximation 
analog-to-digital converter that includes an internal clock, refer¬ 
ence and comparator. Its hybrid IC design utilizes MSI digital 
and linear monolithic chips in conjunction with a 12-bit monolithic 
DAC to provide superior performance and versatility with IC 
size, price and reliability. 

Important performance characteristics of the AD578 include a 
maximum linearity error at +25°C of ±0.012%, maximum gain 
temperature coefficient of ± 30ppm/°C, typical power dissipation 
of 875mW and maximum conversion time of 3p.s. 

The fast conversion speeds of 3p,s (L grade) 4.5|jls (K, T grades) 
and 6p,s (J, S grades) make the AD578 an excellent choice in a 
variety of applications where system throughput rates from 
166kHz to 333kHz are required. In addition, it may be short 
cycled to obtain faster conversion speeds at lower resolutions. 

The design of the AD578 includes scaling resistors that provide 
analog input signal ranges of ± 5V, ± lOV, 0 to + lOV or 0 to 
+ 20V. Adding flexibility and value is the + lOV precision 
reference which can be used for external applications. 

The AD578 is available with either the polymer seal (N) for use 
in benign environmental applications or hermetic solder- 
seal (D) for more harsh or rigorous surroundings. Both are 
contained in a 32-pin side-brazed, ceramic DIP. 

The AD578S, T are available processed to MIL-STD-883 Level 
B, Method 5008. 


PRODUCT HIGHLIGHTS 

1. The AD578 is a complete 12-bit A/D converter. No external 
components are required to perform a conversion. 

2. The fast conversion rate of the AD578 makes it an excellent 
choice for high speed data acquisition and digital signal proc¬ 
essing applications. 

3. The internal buried zener reference is laser trimmed to lO.OOV 
± 1.0% and ± 15ppm/°C typical T.C. The reference is available 
for external use and can provide up to 1mA. 

4. The scaling resistors are included on the monolithic DAC for 
exceptional thermal tracking. 

5. The component count is minimized, resulting in low bond 
wire and chip count and high MTBF. 

6. Short cycle and external clock capabihties are provided for 
applications requiring faster conversion speeds and/or lower 
resolutions. 

7. The integrated package construction provides high quality 
and reliability with small size and weight. 
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SPECIFICATIONS 


(typical @ +25*1:, ±15V and +5V unless otherwise noted) 


Model 

AD578J 

AP578K 

AD578L 

AD578SD‘ 

AD578TD‘ 

RESOLUTION 

12 Bits 

* 

* 

★ 

A 

ANALOG INPUTS 

Voltage Ranges 

Bipolar 

±5.0V, ±10V 

* 

★ 

A 

A 

Unipolar 

0to + 10V,0to-f20V 

* 

* . 

★ 

i( 

Input Impedance 

Oto + lOV, ± 5V 

5kn 

* 

★ 

A 

A 

±10V,0to+20V 

lOkn 

* 

* 

A 

A- 

DIGITAL INPUTS 

Convert Command^ 

ILSTTLLoad 

* 

★ 

* 

■ A 

Clock Input 

ILSTTLLoad 

★ 

★ 

A 

A 

TRANSFER CHARACTERISTICS 

Gain Error^’^ 

±0.1%FSR, ± 0.25% FSR max 

* 

* 

★ 

A 

Unipolar Offset^ 

±0.1%FSR, ±0.25% FSR max 

★ 

* 

A 

A 

Bipolar Error^’^ 

± 0.1% FSR, ± 0.25% FSR max 

* 

★ 

A 

A 

Linearity Error, 25®C 

± l/2LSBmax 

★ 

* 

A 

A 

Train to Tmax 

±3/4LSB 

* 

* 

± 3/4LSB max 

± 3/4LSB max 

DIFFERENTIAL LINEARITY ERROR 
(Minimum resolution for which no 
missing codes are guaranteed) 

+ 25°C 

12 Bits 

* 

* 

★ 

A 

*T*niin to Tfnnv 

12 Bits 

★ 

* 

A 

A 

POWER SUPPLY SENSITIVITY 

+ 15V ± 10% 

0.005%/%AVs max 

* 

* 

A 

A 

- 15V ± 10% 

0.005%/%AVsmax 

* 

* 

A 

-A 

4-5V±10% 

0.005%/%AVsmax 

* 

* 

★ 

★ 

TEMPERATURE COEFFICIENTS 

, Gain 

±15ppm/®Ctyp 

* 

* 

★ 

A 


±30ppm/°Cmax 

* 

A 

±50ppm/°Cmax 

±30ppm/°Cmax 

Unipolar Offset 

±3ppm/°Ctyp 

* 

A 

A 

★ 


±10ppm/°Cmax 

* 

A 

± 15ppm/°Cmax 

± 10ppm/°Cmax 

Bipolar Offset 

±8ppm/°Ctyp 

★ 

A 

A 

A 


±20ppm/°Cmax 

* 

★ 

± 25ppm/°C max 

±20ppm/°Cmax 

Differential Linearity 

±2ppm/°Ctyp 

* 

A ■ ^ 

★ 

A 

CONVERSION TIME®>^*«(max) 

6.0txs 

4.5|xs 

3p,s 

6.0fjis 

4.5p,s 

PARALLEL OUTPUTS 

Unipolar Code 

Binary 

* 

A 

A 

A 

Bipolar Code 

Offset Binary/Two’s Complement 

★ 

A 

A 

A 

Output Drive 

2LSTTL Loads 

★ 

A 

A 

A 

SERIAL OUTPUTS (NRZ FORMAT) 

Unipolar Code 

Binary/Complementary Binary 

★ 

A 

A 

A 

Bipolar Code 

Offset Binary/Comp. Offset Binary 

* 

A 

A 

A 

Output Drive 

2LSTTL Loads 

* 

A 

A 

A 

END OF CONVERSION (EOC) 

Logic “1” During Conversion 

★ 

A 

A 

★ 

Output Drive 

8LSTTL Loads 

* 

A 

A 

A 

INTERNAL CLOCK* 

Output Drive 

2LSTTL Loads 

* 

A 

A 

A 

INTERNAL REFERENCE 

Voltage 

10.000 ± lOOmV 

* 

A 

A 

A 

Drift 

± 12ppm/°C, ± 20ppm/°C max 

* 

A 

A 

A 

External Current 

± 1mA max 

* 

A 

A 

A 

POWER SUPPLY REQUIREMENTS’ 
Range for Rated Accuracy 

4.75 to5.25 and ± 13.5 to ± 16.5 

* 

A 

A 

* 

Supply Current +15V 

3mA typ, 8mA max 

* 

A 

A 

A 

-15V 

22mA typ, 35mA max 

★ 

A 

A 

A 

+ 5V 

100mA typ, 140mA max 

* 

A 

A 

A 

Power Dissipation 

875mWtyp 

* 

A 

A 

A 

TEMPERATURE RANGE 

Operating 

0 to + 70°C 

* 

A 

-55°Cto+125X 

-55°Cto + 125°C 

Storage 

-55°Cto+150X 

* 

A 

-65°Cto+150°C 

-65°Cto+150°C 


NOTES 

'Available to MIL-STD-883, Level B. See ADI Military Products Databook for 
detail specifications. 

^Positive pulse 200ns wide (min) leading edge (0 to 1) resets outputs. Trailing edge 
initiates conversion. 

*With 50ft, 1% fixed resistor in place of gain adjust potentiometer. 

^Adjustable to zero. 

^With soft, 1 % resistor between Ref Out and Bipolar Offset (Pins 24 & 26). 


^Conversion time is defined as the time between the fidling edge of 
convert start and the failing edge of the EOC. 

’Each grade is specified at the conversion speed shown. 
^Externally adjustable by a resistor or capacitor (see Figure 7). 
’For “Z” models order AD578ZJ,ZK,ZL(± 11.6V to ± 16.5V). 
^Specifications same as AD578J. 

Specifications subject to change without notice. 
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THEORY OF OPERATION 


-200n$, min 


-15V 
+15V 

ANALOG GND 
ZERO ADJ 
20V SPAN INPUT 
10V SPAN INPUT 
BIPOLAR OFFSET 
GAIN (REF IN) 

REF OUT 
SERIAL OUT 
SERIAL OUT 
CONVERT START 
EOC 

CLOCK IN 
CLOCK OUT 
CLOCK ADJ 

Figure 1. AD578 Functional Diagram and Pinout 

The AD578 is a complete pretrimmed 12-bit A/D converter 
which requires no external components to provide the successive- 
approximation analog-to-digital conversion function. A block 
diagram of the AD578 is shown in Figure 1. 

When the control section is conunanded to initiate a conversion 
it enables the clock and resets the successive-approximation 
register (SAR). The SAR, timed by the clock, sequences through 
the conversion cycle and returns an end-of-convert flag to the 
control section. The control section disables the clock and brings 
the output status flag low. The parallel data bits become valid 
on the rising edge of the clock pulse starting with ti and ending 
with ti 2 (Figure 2), and accurately represent the input signal to 
within ± 1/2LSB. 

The temperature-compensated buried Zener reference provides 
the primary voltage reference to the DAC and guarantees excellent 
stability with both time and temperature. The reference is trimmed 
to 10.00 volts ± 1.0%, it is buffered and can supply up to 1.0mA 
to an external load in addition to the current required to drive 
the reference input resistor (0.5mA) and bipolar offset resistor 
(1mA). The thin-fUm application resistors are trimmed to match 
the full scale output current of the DAC. There are two 5kft 
input scaling resistors to allow either a 10 volt or 20 volt span. 
The lOkn bipolar offset resistor is grounded for unipolar operation 
or connected to the 10 volt reference for bipolar operation. 

UNIPOLAR CALIBRATION 

The AD578 is intended to have a nominal 1/2LSB offset so that 
the exact analog input for a given code will be in the middle of 
that code (halfway between the transitions to the codes above 
and below it). Thus, when properly calibrated, the first transition 
(from 0000 0000 0000 to 0000 0000 0001) will occur for an 
input level of + 1/2LSB (1.22mV for lOV range). 

If pin 26 is connected to pin 30, the xmit will behave in this 
manner, within specifications. Refer to Table I and Figure 3 for 
further clarification. If the offset trim (Rl) is used, it should be 
trimmed as above, although a different offset can be set for a 
particular system requirement. This circuit will give approximately 
± 25mV of offset trim range. 

The full scale trim is done by applying a signal 1 1/2LSB below 
the nominal full scale,(9.9963V for a lOV rapge). Trim R2 to 
give the last transition (1111 1111 1110 to llil 1111 1111). 





Figure 3. Unipolar Input Connections 
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BIPOLAR OPERATION 

The connections for bipolar ranges are shown in Figure 4. Again, 
as for the unipolar ranges, if the offset and gain specifications 
are sufficient the lOOO trimmer shown can be replaced by a 
son ± 1% fixed resistor. The analog input is applied as for the 
unipolar ranges. Bipolar calibration is similar to unipolar cali¬ 
bration. First, a signal 1/2LSB above negative full scale (- 4.9988V 
for the ± 5V range) is applied, and R1 is trimmed to give the 
first transition (0000 0000 0000 to 0000 0000 0001). Then a 
signal 1 1/2LSB below positive fulf scale ( +4.9963V for the 
± 5V range) is applied and R2 trimmed to give the last transition 

(1111 nil 1110 to nil nil nil). 



Figure 4. Bipolar Input Connections 


LAYOUT CONSIDERATION 

Many data-acquisition components have two or more ground 
pins which are not connected together within the device. These 
“grounds” are usually referred to as the Logic Power Return, 
Analog Common (Analog Power Return), and Analog Signal 
Ground. These grounds must be tied together at one point, 
usually at the system power-supply ground. Ideally, a single 
solid ground would be desirable. However, since current flows 
through the ground wires and etch stripes of the circuit cards, 
and since these paths have resistance and inductance, himdreds 
of milhvolts can be generated between the system groimd point 


and the ground pin of the AD578. Separate ground returns 
should be provided to minimize the current flow in the path 
from sensitive points to the system ground point. In this way 
supply currents and logic-gate return currents are not summed 
into the same return path as analog signals where they would 
cause measurement errors. 

Each of the AD578’s supply terminals should be capacitively 
decoupled as close to the AD578 as possible. A large value 
capacitor such as lOjxF in parallel with a O.lfxF capacitor is 
usually sufficient. Analog supplies are bypassed to the Analog 
Power Return pin and the logic supply is bypassed to the Digital 
GND pin. 



Figure 5. Basic Grounding Practice 


To minimize noise the reference output (pin 24) should be 
decoupled by a 6.8|jlF capacitor to pin 30. 

CLOCK RATE CONTROL 

The internal clock is preset to a nominal conversion time of 
5.6|xs. It can be adjusted for either faster or slower conversions. 
For faster conversion connect the appropriate 1% resistor between 
pin 17 and pin 18 and short pin 18 to pin 19. 

For slower conversions connect a capacitor between pin 15 and 
pin 17. 

The curves in Figure 6 characterize the conversion time for a 
given resistor or capacitor connection. 

Note: 12-bit operation with no missing codes is not guaranteed 
when operating in this mode if a particular grade’s conversion 
speed specification has been exceeded. 

Short Cycle Input - A Short Cycle Input, pin 14, permits the 
timing cycle shown in Figure 2 to be terminated after any number 
of desired bits has been converted, allowing somewhat shorter 
conversion times in applications not requiring full 12-bit resolution. 
Short cycle pin connections and associated maximum 12-, 10-, 
and 8-bit conversion times are summarized in Table II. 


Digital Output Code 

Analog Input - Volts (Binary For Unipolar Ranges; 

(Center of Quantization Interval) Offset Binary for Bipolar Ranges) 

Oto+lOV 0to+20V -5Vto+5V -lOVto+lOV B1 B12 

Range Range Range Range (MSB) (LSB) 

+ 9.9976 +19.9951 +4.9976 +9.9951 1 1 1 1 1 1 1 1 1 1 1 1 

+ 9.9952 +19.9902 +4.9952 +9.9902 1 1 1 1 1 1 1 1 1 1 1 0 


+ 5.0024 +10.0049 +0.0024 +0.0049. 1 0000000000 1 

+ 5.0000 +10.0000 + 0.0000 + 0.0000 100000000000 


+ 0.0024 +0.0051 -4.9976 -9.9951 000000000001 

+ 0.0000 +0.0000 -5.0000 I -10.0000 000000000 0 00 

Table I. Digital Output Codes vs. Analog Input for Unipolar ahfi Bipolar Ranges 
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External Clock - An external clock may be connected directly 
to the clock input, pin 19. When operating in this mode, the 
convert start should be held high for a minimum of one clock 
period in order to reset the SAR and synchronize the conversion 
cycle. A positive going pulse width of 100 to 200 nanoseconds 
will provide a continuous string of conversions that start on the 
first rising edge of the external clock after the EOC output has 
gone low. 

Exteraal^Buffer Amplifier - In applications where the AD578 is 
to be driven from high impedance sources or directly from an 
analog multiplexer a fast slewing, wideband op amp like the 
AD711 should be used. 



Figure 7. Input Buffer 


MICROPROCESSOR INTERFACING 

The 3fjLS conversion times of the AD578 suggests several different 
methods of interface to microprocessors. In systems where the 
AD578 is used for high sampling rates oh a single signal which 
is to be digitally processed, CPU-controlled conversion may be 
inefficient due to the slow cycle times of most microprocessors. 
It is generally preferable to perform conversions independendy, 
inserting the resultant digital data direcdy into memory. This 
can be done using direct memory access (DMA) which is totally 
transparent to the CPU. Interface to user-designed DMA hardware 


is facilitated by the guaranteed data validity on the falling edge 
of the EOC signal. 

In many multichannel data acquisition systems, the processor 
spends a good deal of time waiting for the ADC to complete its 
cycle. Converters with total conversion times of 25p.s to 100|xs 
are not slow enough to justify use of interrupts, nor fast enough 
to finish converting during one instruction and are usually timed 
out with loops, or continuously polled for status. The AD578 
allows the microprocessor to time out the converter with just a 
few dummy instructions. For example, an 8085 system running 
at a 5MHz clock rate will time out an AD578 by pushing a 
register pair onto the stack and popping the same pair back off 
the stack. Such a time-out routine only occupies two bytes of 
program memory but requires 22 clock cyles (4.4fjLs). The time 
saved by not having to wait for the converter allows the processor 
to rtm much more efficiendy particularly in multichannel 
systems. 



Figure 8. AD578—8085A Interface Connections 


Clearly, 12 bits of data must be broken up for interface to an 8- 
bit wide data bus. There are two possible formats: right-justified 
and left-justified. In a right-justified system, the least-significant 
8 bits occupy one byte and the four MSBs reside in the low 
nybble of another byte. This format is useful when the data 
from the ADC is being treated as a binary number between 0 
and 4095. The left-justified format supplies the eight most-sig¬ 
nificant bits in one byte and the 4LSBs in the high nybble of 
another byte. The data now represents the fractional binary 
munber relating the analog signal to the full-scale voltage. An 
advantage to this organization is that the most-significant eight 
bits can be read by the processor as a coarse indication of the 
true signal value. The full 12-bit word can then be read only 
when all 12 bits are needed. This allows faster and more efficient 
control of a process. 

Figure 8 shows a typical connection to an 8085-type bus, using 
left-justified data format for unipolar inputs. Status polling is 
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optional, and can be read simultaneously with the 4LSBs. If it 
is desired to right-justify the data, pins 1 through 12 of the 
AD578 should be reversed, as well as the connections to the 
data bus and high and low byte address signals. 

When dealing with bipolar inputs (±5V, ± lOV ranges), using 
the MSB directly yields an offset binary-coded output. If two’s 
comp lement coding is desired, it can be produced by substituting 
MSB (pin 13) for the MSB. This facilitates arithmetic operations 
which are subsequently performed on the ADC output data. 

SAMPLED DATA SYSTEMS 

The conversion speed of the ADS 78 allows accurate digitization 
of high frequency signals and high throughput rates in multi¬ 
channel data acquisition systems. The AD578LD, for example. 


is capable of a full accuracy conversion in 3|xs. In order to benefit 
from this high speed, a fast sample-hold amplifier (SHA) such 
as the HTC-0300 is required. This SHA has an acquisition time 
to 0.01% of approximately 300ns, so that a complete sample-con- 
vert-acquire cycle can be accompHshed in approximately 4|xs. 
This means a sample rate of 250kHz can be realized, allowing a 
signal with no frequency components above 125kHz to be sampled 
with no loss of information. Note that the EOC signal from the 
AD578 places the SHA in the hold mode in advance of the 
actual start of the conversion cycle, and releases the SHA from 
the HOLD mode only after completion of the conversion. After 
allowing at least 300ns for the SHA to acquire the next analog 
value, the converter can again be started. 



SYMBOL 

iNCHES 

MILLIMETERS 

NOTES 

MIN 

MAX 

MIN 

MAX 

A 


0.280 


7.11 


b 

0.016 

0.020 

0.41 

0.51 


b, 

0.035 

0.045 

0.89 

1.14 

2 

c 

0.009 

0.012 

0.23 

0.31 


D 


1.69 


42.93 


E 

0.545 

0.585 

13.84 

14.86 


E, 

0.590 

0.610 

14.99 

15.49 

6 

e 

0.100 BSC 

2.54 BSC 

4,7 

L 

0.125 

0.200 

3.18 

5.08 


Li 

0.150 


3.81 



Q 

0.015 

0.060 

1.02 

1.52 

3 

S 


0.098 


2.49 

5 

Si 

0.005 


0.13 


5 


NOTES 

1. index area; a notch or a lead one identification mark 
is located adjacent to lead one. 

2. The minimum iimit for dimension bi may be 0.023" 
(0.58mm) for ail four corner leads only. 

3. Dimension Q shali be measured from the seating piane 
to the base piane. 

4. The basic pin spacing is 0.100" (2.54mm) between 
centerlines. 

5. Applies to aii four corners. 

6. Lead center when a is 0°. E, shaii be measured at the 
centerline of the ieads. 

7. Thirty spaces. 


AD578 ORDERING GUIDE* 


AD578JNaD) 

AD578KN(KD) 

AD578LN(LD) 

AD578SD 

AD578TD 


Conversion Temperature 

Speed Range Package 


6.0)xs 

4.5|xs 

3.0|is 

6.0|xs 

4.5|xs 


0to+70‘’C 
Oto +70‘’C 
0 to + 70°C 
-55Xto + 125°C 
-55"Cto + 125X 


Polymer (Solder) Seal 
Polymer (Solder) Seal 
Polymer (Solder) Seal 
Solder Seal 
Solder Seal 


*For ± 12V operation “Z” version order: AD578ZJN, . . . 
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ANALOG 

DEVICES 


High-Speed Precision 
Sampie-and-Hoid Amplifier 


AD585 


FEATURES 

Fast 3.0|iS Acquisition Time to ±0.01% max 
Low Droop Rate: 1.0mV/ms max 
Sample/Hold Offset Step: 3mV max 
Aperture Jitter: 0.5ns 

Extended Temperature Range: -55X to +125X 
Internal Hold Capacitor 
Internal Application Resistors 

APPLICATIONS 
Data Acquisition Systems 
Data Distribution Systems 
Analog Delay & Storage 
Peak Amplitude Measurements 


AD585 FUNCTIONAL BLOCK DIAGRAM 


_ LOGIC 

HOLD REF HOLD +Vs R,n Rfb Vc 



-V,N +V,N NULL -Vs NULL GND CH 


PRODUCT DESCRIPTION 

The AD585 is a complete monolithic sample-and-hold circuit 
consisting of a high performance operational amplifier in series 
with an ultra-low leakage analog switch and a FET input integrating 
amplifier. An internal holding capacitor and matched applications 
resistors have been provided for high precision and applications 
flexibility. 

The performance of the AD585 makes it ideal for high speed 
10- and 12-bit data acquisition systems, where fast acquisition 
time, low sample-to-hold offset, and low droop are critical. The 
AD585 can acquire a signal to ±0.01% in 3fJLS maximum, and 
then hold that signal with a maximum sample-to-hold offset of 
3mV and less than ImV/ms droop, using the on-chip hold 
capacitor. If lower droop is required, it is possible to add a 
larger external hold capacitor. 

The high-speed analog switch used in the ADS 85 exhibits aperture 
jitter of 0.5ns, enabling the device to sample full-scale (20V 
peak-to-peak) signals at frequencies up to 78kHz with 12-bit 
precision. 

The AD585 can be used with any user-defined feedback network 
to provide any desired gain in the sample mode. On-chip precision 
thin-film resistors can be used to provide gains of +1, -1, or 
+ 2. Output impedance in the hold mode is sufficiently low to 
maintain an accurate output signal even when driving the dynamic 
load presented by a successive-approximation A/D converter. 
However, the output is protected against damage from accidental 
short circuits. 

The control signal for the HOLD command can be either 
active high or active low. The differential HOLD signal is com¬ 
patible with all logic families, if a suitable reference level is 
provided. An on-chip TTL reference level is provided for TTL 
compatibility. 


The device is available in two versions: the “A” specified for 

the — 25°C to + 85°C industrial temperature range, and the “S” 

specified over the extended temperature range - 55°C to + 125°C. 

The “A” and “S” versions are available in a 14-pin cerdip 

package. 

PRODUCT HIGHLIGHTS 

1. The fast acquisition time (3|xs) and low aperture jitter (0.5ns) 
make it the first choice for very high speed data acquisition 
systems. 

2. The droop rate is only l.OmV/ms so that it may be used in 
slower high accuracy systems without the loss of accuracy. 

3. The low charge transfer of the analog switch keeps sample-to- 
hold offset below 3mV with the on-chip lOOpF hold capacitor, 
eliminating the trade-off between acquisition time and S/H 
offset required with other SHAs. 

4. The AD585 has internal pretrimmed application resistors for 
apphcations versatility. 

5. The AD585 is complete with an internal hold capacitor for 
ease of use. Capacitance can be added externally to reduce 
the droop rate when long hold times and high accuracy are 
required. 

6. The AD585 is recommended for use with 10- and 12-bit 
successive-approximation A/D converters such as AD571, 
AD572, AD573, AD574A, AD575, AD578, AD579, AD 
ADC80, AD ADC85. 
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SPECIFICATIONS 


(typical @ +25*D and Vs = ±15V, and Ch = Internal, A = +1, HOLD active unless othenvise specified) 



AD585AQ 

AD585SQ 


Model 

Min Typ Max 

Min Typ Max 

Units 

SAMPLE/HOLD CHARACTERISTICS 




Acquisition Time, lOV Step to 0.01% 

3 

3 

|XS 

* 20V Step to 0.01% 

5 

5 

|XS 

Aperture Time, 2()V p-p Input 




HOLDOV 

35 

35 

ns 

Aperture Jitter, 20V p-p Input, 




HOLDOV 

0.5 

0.5 

ns 

Settling Time, 20V p-p Input, 




HOLDOV, to 0.01% 

0.5 

0.5 


Droop Rate 

1 

1 

mV/ms 

Droop Rate Tmm to T^ax 

Doubles Every 10°C 

Doubles Every 10 ®C 


Charge Transfer 

0.3 

0.3 

pC 

Sample-to-Hold Offset 

-3 3 

-3 3 

mV 

Feedthrough 




20V p-p, lOkHz Input 

0.5 

0.5 

mV 

TRANSFER CHARACTERISTICS 




Open Loop Gain 




VouT = 20V p-p, Rl = 2k 

200,000 

200,000 

VN 

Application Resistor Mismatch 

0.3 

0.3 

% 

Common Mode Rejection 




VcM = ± lOV 

SO 

80 

dB 

Small Signal Gain Bandwidth 




VouT = lOOmV p-p 

2.0 

2.0 

MHz 

Full Power Bandwidth 




VouT = 20 V p-p 

160 

160 

kHz 

Slew Rate 




VouT = 20 V p-p 

10 

10 

V/|xs 

Output Resistance (Sample Mode) 




Iqut ~ — 10mA 

0.05 

0.05 

n 

Output Short Circuit Current 

50 

50 

mA 

Output Short Circuit Duration 

Indefinite 

Indefinite 


ANALOG INPUT CHARACTERISTICS 




Offset Voltage 

2 

2 

mV 

Offset Voltage, T^in to T^ax 

3 

3 

mV 

Bias Current 

2 

2 

nA 

Bias Current Tto T^a^ 

5 

20 50^ 

nA 

Input Capacitance, f = IMHz 

10 

10 

pF 

Input Resistance, Sample or Hold 




20V p-p Input, A = -h 1 

10^2 

10^2 

n 

DIGITAL INPUT CHARACTERISTICS 




TTL Reference Output 

1.2 1.4 1.6 

1.2 1.4 1.6 

V 

Hold Input Voltage With Respect to 




Logic Reference 




Hold Mode, T^in to Tn,ax 

-0.4 

-0.4 

V 

Sample Mode, T^in to T^ax 

0.4 

0.4 

V 

Logic Input Current (Either Input) 

50 

50 

|jlA 

POWER SUPPLY CHARACTERISTICS 




Operating Voltage Range 

+ 5,-12 ±18 

+ 5,-12 ±18 

V 

Supply Current, Rl = 

6 10 

6 10 

mA 

Power Supply Rejection, Sample Mode 

70 

70 

dB 

TEMPERATURE RANGE 




Specified Performance 

-25 +85 

-55 +125 

°C 


NOTES 

*Not tested at — 55°C. Specifications shown in boldface are tested on all production units at final electri- 

Specifications subject to change without notice. cal test. Results from those tests are used to calculate outgoing quality levels. All 

min and max specifications are guaranteed, although only those shown in 
boldface are tested on all production units. 
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CHANGE IN 
SAMPLE-TO-HOLO 
OFFSET 


CHANGE IN NORMAUZEO 
LOGIC HIGH LEVEL 


Figure 1. Sample-to-Hold Offset vs. Logic Level 
(HOLD Active) 



lOOpF InF lOnF 

HOLD CAPACITANCE 


Figure 2. Acquisition Time vs. Hold Capacitance 
(10V Step to 0.01%) 




Figure 3. Large Signal Response, Sample Mode 



Figure 4. Sample-to-Hold Settling Time (HOLD Active) 



Figure 5. Pin Configuration 


ABSOLUTE MAXIMUM RATINGS 


Supplies ( + Vs, - Vs) ..± 18V 

Logic Inputs . ±Vs 

Analog Inputs. ±Vs 

Rinj Rfb Pwis.±Vs 

Storage Temperature.-65®C to -f-150®C 

Lead Temperature (Soldering) . 300°C 

Output Short Circuit to Ground .Indefinite 

TTL Logic Reference Short .Indefinite 

Circuit to Ground 


OUTLINE DIMENSIONS 

Dimensions shown in inches and (mm). 
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Figured. Connection Diagram, Figure 7. Connection Diagram, Figured. Connection Diagram 

Gain - 1, HOLD Active Gain = -h 2, HOLD Active Gain = - 1, HOLD Active 


SAMPLED DATA SYSTEMS 

In sampled data systems there are a number of limiting factors 
in digitizing high frequency signals accurately. Figure 9 shows 
pictorially the sample-and-hold errors that are the limiting factors. 
In the following discussions of error sources the errors will be 
divided into the following groups: 1. Sample-to-Hold Transition, 
2. Hold Mode and 3. Hold-to-Sample Transition. 



LOGIC INPUT 


Figure 9. Pictorial Showing Various S/H Characterstics 


SAMPLE-TO-HOLD TRANSITION 

The aperture delay time is the time required for the sample-and- 
hold amplifier to switch from sample to hold. Since this is effec¬ 
tively a constant then it may be tuned out. If however, the 
aperture delay time is not accounted for then errors of the mag¬ 
nitude as shown in Figure 10 will result. 

To eliminate the aperture delay as an error source the sample-to- 
hold command may be advanced with respect to the input 
signal. 

Once the aperture delay time has been eliminated as an error 
source then the aperture jitter which is the variation in aperture 
delay time from sample-to-sample remains. The aperture jitter is 
a true error source and must be considered. The aperture jitter 
is a result of noise within the switching network which modulates 
the phase of the hold command and is manifested in the variations 
in the value of the analog input that has been held. The aperture 
error which results from this jitter is directly related to the 
dV/dT of the analog input. 

The error due to aperture jitter is easily calculated as shown 
below. The error calculation takes into account the desired 
accuracy corresponding to the resolution of the N-bit A/D 
converter. 



2-(n+1) _ 

TT (Aperture Jitter) 


For an application with a 10-bit A/D converter with a lOV full 
scale to a 1/2LSB error maximum. 


TT (0.5x10-9) 
= 310.8kHz. 


For an application with a 12-bit A/D converter with a lOV full 
scale to a 1/2LSB error maximum: 

17(0.5x10-9) 

Frxiax = 77.7kHz. 

Figure 11 shows the entire range of errors induced by aperture 
jitter with respect to the input signal frequency. 


Figure 10. Aperture Delay Error vs. Frequency 
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Figure 11. Aperture Jitter Error vs. Frequency 

Sample-to-hold offset is caused by the transfer of charge to the 
holding capacitor via the gate capacitance of the switch when 
switching into hold. Since the gate capacitance couples the 
switch-control voltage applied to the gate on to the hold capacitor, 
the resulting sample-to-hold offset is a function of the logic 
level. 

The logic inputs were designed for apphcation flexibility and, 
therefore, a wide range of logic thresholds. This was achie ved 
by using a differential input stage for HOLD and HOLD. 
Figure 1 shows the change in the sample-to-hold offset voltage 
based upon an independently programmed reference voltage. 
Since the input stage is a differential configuration, the offset 
voltage is a function of the control voltage range around the 
progranuned threshold voltage. 

The sample-to-hold offset can be reduced by adding capacitance 
to the internal lOOpF capacitor and by using HOLD instead of 
HOLD. This may be easily accomphshed by adding an external 
capacitor between Pins 7 and 8. The sample-to-hold offset is 
then governed by the relationship: 


S/H Offset (V) 


Charge (pC) 
Ch Total (pF) 


For the AD585 in particular it becomes: 


S/H Offset (V) 


0.3 pC _ 

lOOpF + (Cext) 


The rate of voltage change on the capacitor dV/dT is the ratio 
of the total leakage current II to the hold capacitance Ch- 


Droop Rate = 


‘iVouT 

dT 


(Volts/Sec) = 


Il(pA) 

Ch(pF) 


For the AD585 in particular; 


Droop Rate = p - -F -r 

^ lOOpF + (Cext) 

Additionally the leakage current doubles for every 10°C increase 
in temperature above 25°C; therefore, the hold-mode droop rate 
characteristic will also double in the same fashion. The hold-mode 
droop rate can be traded-off with acquisition time to provide the 
best combination of droop error and acquisition time. The tradeoff 
is easily accomphshed by varying the value of Cext* 

Since a sample and hold is used typically in combination with 
an A/D converter, then the total droop in the output voltage has 
to be less than 1/2LSB during the period of a conversion. The 
maximum allowable signal change on the input of an A/D converter 
is: 


AV max = Scale Voltage 

2(N + 1) 

Once the maximum AV is determined then the conversion time 
of the A/D convener (Tconv) is required to calculate the maximum 
allowable dV/dT. 

dV max ^ AV max 
dt Tconv 

dV max 

The maximum -as shown by the previous equation is 

the limit not only at 25°C but at the maximum expected operating 
temperature range. Therefore, over the operating temperature 
range the following criteria must be met (Toperation ~ 25°C) 

= AT. 

(AT°e) 

dV 25®C - lo-c dV max 

^ — 

HOLD-TO-SAMPLE TRANSITION 

The Nyquist theorem states that a band-limited signal which is 
sampled at a rate at least twice the maximum signal frequency 
can be reconstructed without loss of information. This means 
that a sampled data system must sample, conven and acquire 
the next point at a rate at least twice the signal frequency. Thus 
the maximum input frequency is equal to 


The addition of an external hold capacitor also affects the ac¬ 
quisition time of the ADS85. The change in acquisition time 
with respect to the Cext is shown graphically in Figure 2. 

HOLD MODE 

In the hold mode there are two important specifications that 
must be considered; feedthrough and the droop rate. Feedthrough 
errors appear as an attenuated version of the input at the output 
while in the hold mode. Hold-Mode feedthrough varies with 
frequency, increasing at higher frequencies. Feedthrough is an 
important specification when a sample and hold follows an 
analog multiplexer that switches among many different 
channels. 

Hold-mode droop rate is the change in output voltage per unit 
of time while in the hold mode. Hold mode droop originates as 
leakage from the hold capacitor, of which the major leakage 
current contributors are switch leakage current and bias current. 


f __1_ 

MAX 2(Tacq + Tconv + Tap) 

Where Tacq is the acquisition time of the sample-to-hold 
amplifier. Tap is the maximum aperture time (small enough to 
be ignored) and Tconv is the conversion time of the A/D 
converter. 

DATA ACQUISITION SYSTEMS 

The fast acquisition time of the AD585 when used with a high 
speed A/D converter allows accurate digitization of high frequency 
signals and high throughput rates in multichannel data acquisition 
systems. The AD585 can be used with a number of different 
A/D converters to achieve high throughput rates. Figures 12 
and 13 show the use of an AD585 with the AD578 and 
AD574A. 
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58.8kHz max Signal Input 



Throughput Rate, 13.1kHz max Signal Input 
LOGIC INPUT 

The sample-and-hold logic control was des igned for versatile 
logic interfacing. The HOLD and HOLD inputs may be used 
with both low and high level CMOS, TTL and ECL logic systems. 
Logic threshold programmability was achieved by using a differ¬ 
ential amplifier as the input stage for the digital inputs. A pre¬ 
dictable logic thr eshold m ay be programmed by referencing 
either HOLD or HOLD to the appropriate threshold vo ltage. 
For example, if the internal 1.4V reference is applied to HOLD 
an input signal to HOLD between + 1.8V and + Vs will place 
the AD585 in the hold mode. The AD585 will go into the sample 
mode for this case when the input is between - Vs and + l.OV. 
The range of references which may be applied is from (-Vs 
+ 4V) to C+Vs -3V). 

OPTIONAL CAPACITOR SELECTION 

If an additional capacitor is going to be used in conjunction 
with the internal lOOpF capacitor it must have a low dielectric 
absorption. Dielectric absorption is just that; it is the charge 
absorbed into the dielectric that is not immediately added to or 
removed from the capacitor when rapidly charged or discharged. 
The capacitor with dielectric absorption is modeled in 
Figure 14. 



Figure 14. Capacitor Model with Dielectric Absorption 

If the capacitor is charged slowly, Cda will eventually charge to 
the same value as C. But unfortunately, good dielectrics have 
very high resistances, so while Cda may be small, Rx is large 
and the time constant Rx Cda typically runs into the millisecond 
range. In fast-charge, fast-discharge situations the effect of dielec¬ 
tric absorption resembles “memory”. In a data acquisition system 
where many channels with widely varying data are being sampled 
the effect is to have an ever changing offset which appears as a 
very nonlinear sample-to-hold offset since the difference between 
the voltage being measured and the voltage previously measured 
determines the fraction by which the dielectric absorption figure 
is multiplied. It is impossible to readily correct for this error 
source. The only solution is to use a capacitor with dielectric 
absorption less than the maximum tolerable error. Capacitor 
types such as polystyrene, polypropylene or Teflon are 
recommended. 

GROUNDING 

Many data-acquisition components have two or more ground 
pins which are not connected together within the device. These 
“grounds” are usually referred to as the Logic Power Return, 
Analog Common (Analog Power Return), and Analog Signal 
Ground. These grounds must be tied together at one point, 
usually at the system power-supply ground. Ideally, a single 
solid ground would be desirable. However, since current flows 
through the ground wires and etch stripes of the circuit cards, 
and since these paths have resistance and inductance, hundreds 
of millivolts can be generated between the system groimd point 
and the ground pin of the ADS85. Separate ground returns 
should be provided to minimize the current flow in the path 
from sensitive points to the system ground point. In this way 
supply currents and logic-gate return currents are not siunmed 
into the same return path as analog signals where they would 
cause measurement errors. 



Figure 15. Basic Grounding Practice 
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ANALOG 

DEVICES Ultra High Precision Voltage Reference 


AD588 


FEATURES 

Ultra Low Drift - Ippm/X 
Ultra Low Initial Error - ImV 
Pin-Programmable Output 

+ 10V, +5V, ±5V Tracking, -5V, -10V 
Flexible Output Force and Sense Terminals 
High Impedance Ground Sense 
Machine-lnsertable DIP Packaging 
Guaranteed Long-Term Stability - 25ppm/1000 hours 


AD588 FUNCTIONAL BLOCK DIAGRAM 



PRODUCT DESCRIPTION 

The AD588 represents a major advance in the state-of-the-art in 
monolithic voltage references. It offers a combination of low 
initial error and low temperature drift previously found only in^ 
hybrid units at much higher cost. The AD588 uses a propri^rf^ 
ion-implanted buried zener diode, and laser-wafer-driftrti^ia^ilg C 
of high stability thin-film resistors to provide outstandii|| 
formance at low cost. .'I; ' 

The ADS88 includes the basic reference { 
amplifiers which provide pin-prog^m^abk du^ut ra^gls. '^ 
amplifiers are laser-trimmed for lo% offset and low drift and ^ 
maintain the accuracy of the reference. Thej^pllf^rs ard"confi¬ 
gured to allow Kelvin connections to the load,an(%f boost€^|;^^> v;,- 
for driving long lines or high-current loads while maintaining^ J 
full accuracy. 

The low initial error allows the AD588 to be used as a system 
reference in applications requiring 12-bit absolute accuracy. In 
such systems, the AD588 can provide a known voltage for system 
calibration in software and the low drift allows compensation for 
the drift of other components in a system. Manual system cali¬ 
bration and the cost of periodic recalibration can therefore be 
eliminated. Furthermore, the mechanical instability of a trimming 
potentiometer and the potential for improper calibration can be 
eliminated by using the ADS88 and autocalibration software. 



PRODUgf^Ii^HLIGHTS 

1. Xhe'^D^^ omers 12-bit absolute accuracy without any user 
;nli;. Optional fine-trim connections are provided for 
^tion^^requiring higher precision. The fine-trimming 
not alt(^ the operating conditions of the zener or the 
huJU^Jf and thus does not increase the temperature 

, I" 

^6lg-term stability is excellent and the LN, CD, and TD 
versions are 100% tested and guaranteed for 25 parts-per-million 
^ siiigybilW^ a 1000-hour period. 


pt^ noise of the AD588 is very low - typically 10|xV p-p. 
in is provided for additional noise filtering using an external 


capacitor. 

4. A precision ± 5V tracking mode with Kelvin output connec¬ 
tions is available with no external components. Tracking 
error is less than one millivolt and a fine-trim is available for 
applications requiring exact symmetry between the + 5V and 
— 5V outputs. 

5. Pin strapping capability allows configuration of a wide variety 
of outputs: ± 5V, + 5V & + lOV, - 5V & - lOV dual outputs 
or + 5V, - 5V, + lOV, - lOV single outputs. 


The AD588 is available in seven versions. The AD588JN, KN, 
and LN are specified for the 0 to + 70°C temperature range and 
are packaged in a 16-pin plastic DIP. The AD588AD, BD, and 
CD grades are packaged in a 16-pin side-brazed ceramic DIP 
and are specified for the - 25°C to + 85°C industrial temperature 
range. The ceramic AD588SD and TD grades are specified for 
the full military/aerospace temperature range. 
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SPECIFICATIONS 


(typical @ +25*1! and Vs= ± 1SV unless otheiwide noted) 


Ab588JN/AD/SD/TD AD588KN/LN/BD/CD 



Min 

Typ 

Max 

Min 

Typ 

Max 

Units 

OUTPUT VOLTAGE ERROR 








+ lOV, - lOV Outputs 

-3 


3 

-1 


+ 1 

mV 

+ 5V, - 5V Outputs 

-1.5 


1.5 

-0.5 


+ 0.5 

mV 

OUTPUT VOLTAGE DRIFT 








25toTi„i„orTn^ 

-3 


3 

-1 


+ 1 

ppm/°C 

25 to T n,in or Tniax (T Grade) 

-5 


5 




ppm/°C 

LINE REGULATION 








4 - lOV Output, 

+ lL4V< + Vs< + 18V 

-100 


100 

-100 


100 

liWfV 

- lOVOutput, 








-18V<-Vs<-lL4V 

-100 


100 

-100 


100 

fjiV/V 

LOAD REGULATION 








+ lOV, - lOVOutputs, 

0<IouT'^ lOtuA 

-100 


100 

-100 


100 

M,V/mA 

QUIESCENT CURRENT 


7 

10 


7 

10 

mA 

OUTPUT NOISE (Any Output) 








O.ltolOHz 


10 



10 


M-Vp-p 

Spectral Density, lOOHz 


100 



100 


nV/VHz 

LONG-TERM STABILITY (@ -t- 25°C) 







J, K, A, B,S Grades 


25 



25 


ppm/lOOOhr 

L, C, T Grades 



25 



25 

ppm/lOOOhr 

±5V TRACKING MODE 








Symmetry Error 

-1.5 


1.5 

-0.5 


+ 0.5 

mV 

BUFFER AMPLIFIERS 








Offset Voltage 


100 



100 


P.V 

Bias Current 


20 



20 


nA 

Open Loop Gain 


110 



110 


dB 

Output Current A3, A4 

-10 


4-10 

-10 


+ 10 

mA 

SHORT-CIRCUIT CURRENT 


20 



20 


mA 

TEMPERATURE RANGE 








Specified Performance 








J, K, L Grades 

0 


+ 70 

0 


+ 70 

°C 

A, B,C Grades 

-25 


+ 85 

-25 


+ 85 

°C 

S, T Grades 

-55 


+ 125 




°c 


NOTE 

Specifications subject to change without notice. 


Specifications shown in boldface are tested on all production units at final 
electrical test. Results from those tests are used to calculate outgoing quality 
levels. All min and max specifications are guaranteed, although only those 
shown in boldface are tested on all production units. 


ABSOLUTE MAXIMUM RATINGS 


+ Vs to -Vs .. 36V 

Power Dissipation (+ 25°C) 

D Package . 600mW 

N Package . 600mW 

Storage Temperature..-65X to +150°C 

Lead Temperature (Soldering, lOsec). 300°C 

Package Thermal Resistance 

D(ej„/0jc). 90/25"C/W 

N(ej„/0jc). 137/53'‘C/W 


Output Protection: All outputs safe if shorted to ground 


ORDERING GUIDE 


Part 

Number 

Initial 

Error 

Temperature 

Coefficient 

Temperature 
Range °C 

Package 

AD588JN 

3mV 

3ppm/°C 

0 to + 70 

Plastic 

AD588KN 

ImV 

Ippm/^C 

0 to + 70 

Plastic 

AD588LN 

ImV 

IppmrC 

0 to + 70 

Plastic 

AD588AD 

3mV 

3ppm/'’C 

-25 to+85 

Ceramic 

AD588BD 

ImV 

lppm/®C 

-25to+85 

Ceramic 

AD588CD 

ImV 

lppm/°C 

-25 to+85 

Ceramic 

AD588SD 

3mV 

3ppm/®C 

-55 to+ 125 

Ceramic 

AD588TD 

3mV 

5ppm/°C 

-55 to+ 125 

Ceramic 
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AD588 PIN CONFIGURATION 













Applying the AD588 


Theory of Operation 

The AD588 consists of a buried zener diode reference, amplifiers 
used to provide pin programmable output ranges, and associated 
thin film resistors as shown in the block diagram of Figure 1. 
The temperature compensation circuitry provides the device 
with a temperature coefficient of lppm/°C or less. 


NOISE A3 OUT 

REDUCTION 10V A3 IN SENSE 



GAIN GND GND OV BAL 5V A4 IN 

ADJ SENSE SENSE ADJ. 


+ IN -IN 

Figure 1. AD588 Functional Block Diagram 

Amplifier A1 performs several functions. A1 primarily acts to 
amplify the zener voltage from 6.5V to the required lOV output. 
In addition, A1 also provides for external adjustment of the lOV 
output through pin 5, the GAIN ADJUST. Using the bias 
compensation resistor between the zener output and the non-in- 
verting input to Al, a capacitor can be added at the NOISE 
REDUCTION pin (pin 7) to form a low pass filter and reduce 
the noise contribution of the zener to the circuit. Two matched 
thin film resistors (R4 & R5) divide the lOV output in half. The 
5V pin (pin 11) provides access to this voltage and pin 12 (BAL¬ 
ANCE ADJUST) can be used for fine adjustment of this 
division. 

Ground sensing for the circuit is provided by amplifier A2. The 
non-inverting input (pin 9) senses the system ground which will 


be transferred to the point on the circuit where the inverting 
input (pin 10) is connected. This may be pin 6, 8 or 11. The 
output of A2 drives pin 8 to the appropriate voltage. Thus, if 
pin 10 is connected to pin 8, the OV pin will be the same voltage 
as the system ground. Alternatively, if pin 10 is connected to 
the 5V pin, it will be ground and pin 6 and pin 8 will be + 5V 
and — 5V respectively. 

Amplifiers A3 and A4 are internally compensated and are used 
to buffer the voltages at pins 6, 8, and 11 as well as to provide a 
full Kelvin output. Thus, the AD588 has a full Kelvin capability 
by providing the means to sense a system ground and provide 
forced and sensed outputs referenced to that ground. 

Applying the AD588 

The ADS88 may be configured in a number of different ways to 
provide dual reference outputs (4-5V and + lOV, +5V and 
- 5V, or - 5V and - lOV) or any of the following single reference 
outputs: + 5V, + lOV, — 5V or - lOV. The various options are 
set up by using the inverting input (pin 10) of A2. Table I 
details the appropriate pin connections for each output range. 

Single Outputs 

Pin 9 should be connected to the system ground and power is 
applied to pins 2 and 16. Figure 2 and Table I show the connections 
for each of the options. The unused output amplifiers A3 and/or 
A4 should have the output force and sense pins connected and 
their input tied to pin 6 or pin 8. 

Dual Outputs 

With power applied to pins 2 and 16 and pin 9 connected to the 
system ground, the AD588 will produce the appropriate output 
ranges when connected as shown in Table 1 and Figure 2. De¬ 
pending Tipon the voltages required, the unbuffered outputs are 
available at pins 6, 8 and 11. Either signal may be buffered by 
amplifiers A3 and A4. At this point, the GAIN ADJUST and 
BALANCE ADJUST pins may be used as described in the 
CALIBRATION section. If desired, two outputs of the same 
voltage may be obtained by connecting both output buffers to 
the appropriate output pins. This is shown in Table I. 



Table I. AD588Connections 
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Figure 2a. + 10V and +5V Outputs 




CALIBRATION 

Generally, the AD588 will meet the requirements of a precision 
system without additional adjustment. Initial output voltage 
error of ImV and output noise specs of 10p,V p-p allow for 
accuracies of 12-16 bits. However, in applications where an even 
greater level of accuracy is required, additional calibration may 
be called for. Provision for trimming has been made through 
the use of the GAIN ADJUST and BALANCE ADJUST pins 
(pins 5 and 12 respectively). 

Gain adjustment can be accomplished by using a 100k, 20 turn 
potentiometer connected between pins 6 and 8. The wiper should 
be connected to GAIN ADJUST pin 5 as shown in Figures 
2a, b, c. The typical adjustment range of this setup is -3.5mV 
to +7.5mV with a resolution of approximately 550|xV/turn. 

Trimming the AD588 introduces no additional errors over tem¬ 
perature so a precision potentiometer is not required. 

For the ± 5V range, an additional adjustment, the BALANCE 
trim, may be required. Adjustments of these outputs independently 
control the gain (pin 6 - pin 8) and the symmetry or balance of 
the output. Gain adjustment is identical to the one described 
above. The balance adjustment also uses a lOOK, 20 turn poten¬ 
tiometer connected between pins 6 and 8. The tap is connected 
to pin 12, BALANCE ADJUST, and provides a range of ± 4.5mV 
with a resolution of 450|jLV/turn. 

For single output voltage ranges, or in cases when BALANCE 
ADJUST is not required, pin 12 should be connected to pin 11. 
If GAIN ADJUST is not required, pin 5 should be left floating. 

NOISE REDUCTION 

The noise generated by the AD588 is typically less than lOjxV 
p-p over the 0.1 to lOHz band. Noise in a IMHz bandwidth is 
approximately 800|xV p-p. The dominant source of this noise is 
the buried zener which contributes approximately lOOnV/vISz. 
In comparison, the op amp’s contribution is negligible. 

If further noise reduction is desired, an optional capacitor may 
be added to the NOISE REDUCTION pin. This will form a 
low pass filter on the output of the zener cell. A l|xF capacitor 
will have a 3dB point at 40Hz and will reduce the high frequency 
IMHz noise to about 200jjlV p-p. Figures 2a, b, and c show a 
noise reduction capacitor connected. The NOISE REDUCTION 
function must not be used when configuring the device when 
pin 10 is connected to pin 6 (- lOV output). 


Figure 2c. -5V and - 10V Outputs 
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ANALOG 

DEVICES 


Low Cost, Precision 1C 
Temperature Transducer 


AD592* 


FEATURES 

High Precalibrated Accuracy: 0.5X max @ 25X 
Excellent Linearity: 0.15X max (0 to +70X) 

Wide Operating Temperature Range: -25X to +105X 

Single Supply Operation: +4Vto +30V 

Excellent Repeatability and Stability 

High Level Output: 1pA/K 

Two Terminal Monolithic 1C: Temperature In/ 

Current Out 

Minimal Self-Heating Errors 


AD592 CONNECTING DIAGRAM 
(BOTTOM VIEW) 



•PIN 2 CAN BE EITHER ATTACHED OR UNCONNECTED 


PRODUCT DESCRIPTION 

The AD592 is a two terminal monolithic integrated circuit tem¬ 
perature transducer that provides an output current proportional 
to absolute temperature. For a wide range of supply voltages the 
transducer acts as a high impedance temperature dependent 
current source of l|xA/K. Improved design and laser wafer 
trimming of the IC’s thin film resistors allows the AD592 to 
achieve absolute accuracy levels and nonlinearity errors previously 
unattainable at a comparable price. 

The AD592 can be employed in applications between — 25°C 
and + 105°C where conventional temperature sensors (i.e., ther¬ 
mistor, RTD, thermocouple, diode) are currendy being used. 
The inherent low cost of a monolithic integrated circuit in a 
plastic package, combined with a low total parts count in any 
given application, make the AD592 the most cost effective tem¬ 
perature transducer currently available. Expensive linearization 
circuitry, precision voltage references, bridge components, resis¬ 
tance measuring circuitry and cold junction compensation are 
not required with the AD592. 

Typical application areas include; apphance temperature sensing, 
automotive temperature measurement and control, HVAC (heat¬ 
ing/ventilating/air conditioning) system monitoring, industrial 
temperature control, thermocouple cold junction compensation, 
board-level electronics temperature diagnostics, temperature 
readout options in instrumentation, and temperature correction 
circuitry for precision electronics. Particularily useful in remote 
sensing applications, the AD592 is immune to voltage drops and 
voltage noise over long lines due to its high impedance current 
output. AD592s can easily be multiplexed; the signal current 
can be switched by a CMOS multiplexer or the supply voltage 
can be enabled with a tri-state logic gate. 


The AD592 is available in three performance grades; the 
AD592AN, AD592BNand AD592CN. All devices are packaged 
in a plastic TO-92 case rated from — 45°C to + 125°C. Performance 
is specified from -25°C to + 105°C. AD592 chips are also 
available, contact the factory for details. 

PRODUCT HIGHLIGHTS 

1. With a single supply (4V to 30V) the AD592 offers 0.5®C 
temperature measurement accuracy. 

2. A wide operating temperature range (-25°C to + 105°C) and 
highly linear output make the AD592 an ideal substitute for 
older, more limited sensor technologies (i.e., thermistors, 
RTDs, diodes, thermocouples). 

3. The AD592 is electrically rugged; supply irregularities and 
variations or reverse voltages up to 20V will not damage the 
device. 

4. Because the AD592 is a temperature dependent current source, 
it is immune to voltage noise pickup and IR drops in the 
signal leads when used remotely. 

5. The high output impedance of the AD592 provides greater 
than 0.5°C/V rejection of supply voltage drift and ripple. 

6. Laser wafer trimming and temperature testing insures that 
AD592 units are easily interchangeable. 

7. Initial system accuracy will not degrade significantly over 
time. The AD592 has proven long term performance and 
repeatability advantages inherent in integrated circuit design 
and construction. 


♦Covered by Patent No. 4,123,698. 
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SPECIFICATIONS 


(typical @ 25^, Vs=5V, unless othenwise noted) 


Model 

AD592AN 

Min Typ Max 

AD592BN 

Min Typ Max 

AD592CN 

Min Typ Max 

Units 

ACCURACY 





Calibration Error @25°C' 

1.5 2.5 

0.7 1.0 

0.3 0.5 

°C 

Ta = Oto +70°C 





Error over Temperature 

1.8 3.0 

0.8 1.5 

0.4 0.8 

°C 

Nonlinearity^ 

0.15 0.35 

0.1 0.25 

0.05 0.15 

°C 

Ta= -25to + 105°C 





Error over Temperature^ 

2.0 3.5 

0.9 2.0 

0.5 1.0 

°C 

Nonlinearity^ 

0.25 0.5 

0.2 0.4 

0.1 0.35 

“C 

OUTPUT CHARACTERISTICS 





Nominal Current Output 





(a)25°C(298.2K) 

298.2 

298.2 

298.2 

M-A 

Temperature Coefficient 

1 

1 

1 

ix.Arc 

Repeatability'* 

0.1 

0.1 

0.1 

“C 

Long Term Stability^ 

0.1 

0.1 

0.1 

°C/month 

ABSOLUTE MAXIMUM RATINGS 





Operating Temperature 

-25 +105 

-25 +105 

-25 +105 

“C 

Package Temperature® 

-45 +125 

-45 +125 

-45 +125 

“C 

Forward Voltage (+ to -) 

44 

44 

44 

V 

Reverse Voltage (- to +) 

20 

20 

20 

V 

Lead Temperature 





(Soldering 10 sec) 

300 

300 

300 

°c 

POWER SUPPLY 





Operating Voltage Range 

4 30 

4 30 

4 30 

V 

Power Supply Rejection 





4-4V<Vs< + 5V 

0.5 

0.5 

0.5 

°CfV 

+ 5V<Vs< + 15V 

0.2 

0.2 

0.2 

°CA^ 

+ 15V<Vs< + 30V 

0.1 

0.1 

0.1 

°C/V 


NOTES 

'An external calibration trim can be used to zero the error @25°C. 
^Defined as the maximum deviation from a mathematically best fit line. 
^Parameter tested on all production units at + 105°C only. C grade at 
-25“Calso. 

^Maximum deviation between + 25°C readings after a temperature cycle 
between - 45°C and + 125°C. Errors of this type are noncummulative. 
^Operation @ 125®C, error over time is noncummulative. 


^Although performance is not specified beyond the operating temperature range, temperatme 
excursions within the package temperature range will not damage the device. 

Specifications subject to change without notice. 

Specifications shown in boldface are tested on all production units at final electri¬ 
cal test. Results from those tests are used to calculate outgoing quality levels. All 
min and max specifications are guaranteed, although only those shown in 
boldface are tested on all production units. 


PHYSICAL DIMENSIONS 

Dimensions shown in inches and (mm). 


0.175 - 0.205 



0.500 

(12.70) 

MIN 


0.095- 0.105 , 

(2.42 - 2.66) 


0.016 - 0 019 
(0.407 - 0.482) 
SQUARE 


0.045 - 0.055 
(1.15- 1.39) 



TEMPERATURE SCALE CONVERSION EQUATIONS 


'C = -L(°F-32) 

K = °C +273.15 

’F = -|-°C +32 

°R = °F +459.7 


0.080- 0.105 j 


(2.42 - 2.66) 


1_ 

(-□□□} 0.125 

0.080 - 0.105 
(2.42 - 2.66) 

V y (3.94 

T" 



TO-92 (N) 
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Typical Performance Curves 

Typical @ Vs = +5V 



AD592CN Accuracy Over Temperature 




TEMPERATURE - “C 


AD592BN Accuracy Over Temperature 



TIME - Hours 

Long-Term Stability @ 85°C and 85% Relative Humidity 



0 500 1000 1500 2000 

TIME - Hours 


Long-Term Stability @ 125°C 


Model 

AD592CN 

AD592BN 

AD592AN 


ADS92 ORDERING GUIDE 
Max Cal 

Package Error @ 25X 

TO-92 0.5°C 

TO-92 l.OX 
TO-92 2.5°C 


Max Error 
-25Xto +105X 

1.0'^C 
2.0°C 
3.5X 


Max Nonlinearity 
-25Xto-H05X 

0.35°C 

0.4°C 

0.5°C 
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THEORY OF OPERATION 

The AD592 uses a fundamental property of silicon transistors to 
realize its temperature proportional output. If two identical 
transistors are operated at a constant ratio of collector current 
densities, r, then the difference in base-emitter voltages will be 
(kT/q)(ln r). Since both k, Boltzman’s constant and q, the charge 
of an electron are constant, the resulting voltage is directly 
Proportional To Absolute Temperature (PTAT). In the AD592 
this difference voltage is converted to a PTAT current by low 
temperature coefficient thin film resistors. This PTAT current 
is then used to force the total output current to be proportional 
to degrees Kelvin. The result is a current source with an output 
equal to a scale factor times the temperature (K) of the sensor. 

A typical V-I plot of the circuit at +25®C and the temperature 
extremes is shown in Figure 1. 



1 2 3 4 5 6 

SUPPLY VOLTAGE - Volts 


Figure 7. V~l Characteristics 

Factory trimming of the scale factor to l|xA/K is accomplished 
at the wafer level by adjusting the AD592’s temperature reading 
so it corresponds to the actual temperature. During laser trimming 
the IC is at a temperature within a few degrees of 25°C and is 
powered by a 5V supply. The device is then packaged and 
automatically temperature tested to specification. 

FACTORS AFFECTING AD592 SYSTEM PRECISION 

The accuracy limits given on the Specifications page for the 
AD592 makes it easy to apply in a variety of diverse applications., 
To calculate a total error budget in a given system it is important 
to correctly interpret the accuracy specifications, nonlinearity 
errors, the response of the circuit to supply voltage variations 
and the effect of the surrounding thermal environment. As with 
other electronic designs external component selection will have a 
major effect on accuracy. 

CALIBRATION ERROR, ABSOLUTE ACCURACY AND 
NONLINEARITY SPECIFICATIONS 

Three primary limits of error are given for the AD592 such that 
the correct grade for any given application can easily be chosen 
for the overall level of accuracy required. They are the calibration 
accuracy at 25°C, and the error over temperature from 0 to 7Q°C 
and - 25°C to + 105°C. These specifications correspond to the 
actual error the user would see if the current output of a AD592 
were converted to a voltage with a precision resistor. Note that 
the maximum error at room temperature, over the commercial 
IC temperature range, or an extended range including the boiling 
point of water, can be directly read from the Salifications 
Table. All three error limits are a combination of initial error. 


scale factor variation and nonlinearity deviation from the ideal 
1 |jlA/K output. Figure 2 graphically depicts the guaranteed 
limits of accuracy for an AD592CN. 



-25 0 +25 +70 +105 

TEMPERATURE - °C 


Figure 2. Error Specifications (AD592CN) 

The AD592 has a highly linear output in comparison to older 
technology sensors (i.e., thermistors, RTDs and thermocouples), 
thus a nonlinearity error specification is separated from the 
absolute accuracy given over temperature. As a maximum deviation 
from a best-fit straight line this specification represents the only 
error which cannot be trimmed out. Figure 3 is a plot of typical 
AD592CN nonlinearity over the full rated temperature range. 



-25 0 + 25 + 70 +105 

TEMPERATURE - °C 


Figure 3. Nonlinearity Error (AD592CN) 

TRIMMING FOR HIGHER ACCURACY 

Calibration error at 25°C can be removed with a single temperature 
trim. Figure 4 shows how to adjust the AD592*s scale factor in 
the basic Voltage output circuit. 


+v 



Figure 4. Basic Voltage Output (Single Temperature Trim) 
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To trim the circuit the temperature must be measured by a 
reference sensor and the value of R should be adjusted so the 
output (Vout) corresponds to ImV/K. Note that the trim proce¬ 
dure should be implemented as close as possible to the temperature 
highest accuracy is desired for. In most applications if a single 
temperature trim is desired it can be implemented where the 
AD592 current-to-output voltage conversion takes place (e.g., 
output resistor, offset to an op amp). Figure 5 illustrates the 
effect on total error when using this technique. 




Figure 5. Effect of Scale Factor Trim on Accuracy 

If greater accuracy is desired, initial calibration and scale factor 
errors can be removed by using the AD592 in the circuit of 
Figure 6. 


7.87K^. AD74?>-i^ + 

--Vout =100m V/°C 


Figure 7. Typical Two Trim Accuracy 

sitivity of the output allows the use of lower cost unregulated 
supplies and means that a series resistance of several hundred 
ohms (e.g., CMOS multiplexer, meter coil resistance) will not 
degrade the overall performance. 

The thermal environment in which the AD592 is used determines 
two performance traits: the effect of self-heating on accuracy 
and the response time of the sensor to rapid changes in temperature. 
In the first case, a rise in the IC junction temperature above the 
ambient temperature is a function of two variables; the power 
consumption level of the circuit and the thermal resistance 
between the chip and the ambient environment (0 ja)* Self-heating 
error in °C can be derived by multiplying the power dissipation 
by 0JA. Because errors of this type can vary widely for surroundings 
with different heat sinking capacities it is necessary to specify 
0JA under several conditions. Table I shows how the magnitude 
of self-heating error varies relative to the environment. In typical 
free air applications at 25°C with a 5V supply the magnitude of 
the error is 0.2®C or less. A common clip-on heat sink will 
reduce the error by 25% or more in critical high temperature, 
large supply voltage situations. 


Figure 6. Two Temperature Trim Circuit 

With the transducer at 0°C adjustment of R1 for a OV output 
nulls the initial calibration error and shifts the output from K to 
®C. Tweaking the gain of the circuit at an elevated temperature 
by adjusting R2 trims out scale factor error. The only error 
remaining over the temperature range being trimmed for is 
nonlinearity. A typical plot of two trim accuracy is given in 
Figure 7. 

SUPPLY VOLTAGE AND THERMAL ENVIRONMENT 
EFFECTS 

The power supply rejection characteristics of the AD592 minimizes 
errors due to voltage irregulrnty, ripple and noise. If a supply is 
used other than 5V (used in factory trimming), the power supply 
error can be removed with a single temperature trim. The PTAT 
nature of the AD592 will remain unchanged. The general insen- 


Medium 

ejA(X/watt) 

T(sec)' 

Still Air 

Without Heat Sink 

175 

60 

With Heat Sink 

130 

55 

Moving Air 

Without Heat Sink 

60 

12 

With Heat Sink 

40 

10 

Fluorinert Liquid 

35 

5 

Aluminum Block** 

30 

2.4 


*T is an average of five time constants (99.3% of final value). In cases where 
the thermal response is not a simple exponential function, the actual thermal 
response may be better than indicated. 

**With thermal grease. 

Table /. Thermal Characteristics 


NEW PRODUCTS - ICs 3-107 





Response of the AD592 output to abrupt changes in ambient 
temperature can be modeled by a single time constant t exponential 
function. Figure 8 shows typical response time plots for several 
media of interest. 



Figure 8. Thermal Response Curves 

The time constant, t, is dependent on 0ja and the thermal 
capacities of the chip and the package.Table I lists the effective 
T (time to reach 63.2% of the final value) for several different 
media. Copper printed circuit board connections where neglected 
in the analysis, however, they will sink or conduct heat directly 
through the AD592’s solder dipped Kovar leads. When faster 
response is required a thermally conductive grease or glue between 
the AD592 and the surface temperature being measured should 
be used. In free air applications a clip-on heat sink will decrease 
output stabilization time by 10-20%. 

MOUNTING CONSIDERATIONS 

if the AD592 is thermally attached and properly protected, it 
can be used in any temperature measuring situation where the 
maximum range of temperatures encountered is between — 25°C 
and + 105°C. Because plastic repackaging technology is employed, 
excessive mechanical stress must be safeguarded against when 
fastening the device with a clamp or screw-on heat tab. Thermally 
conductive epoxy or glue is recommended under typical moimting 
conditions. In wet or corrosive environments any electrically 
isolated metal or ceramic well can be used to shield the AD592. 
Condensation at cold temperatures can cause leakage current 
related errors and should be avoided by sealing the device in 
nonconductive epoxy paint or dips. 

APPLICATIONS 

Connecting several AD592 devices in parallel adds the currents 
through them and produces a reading proportional to the average 
temperature. Series AD592s will indicate the lowest temperature 

+ 5V +1SV 


AD592 

AD592 


AD592 

—-O 

Vr^^dOmV/K) 

-O 

Figure 9. Average and Minimum Temperature 
Connections 



because the coldest device limits the series current flowing through 
the sensors. Both of these circuits are depicted in Figure 9. 

The circuit of Figure 10 demonstrates a method in which 
a voltage output can be derived in a differential temperature 
measurement. 


+v 



Figure 10. Differential Measurements 

R1 can be used to trim out the inherent offset between the two 
devices. By increasing the gain resistor (lOkO) temperature 
measurements can be made with higher resolution. If the mag¬ 
nitude of V + and V - is not the same, the difference in power 
consumption between the two devices can cause a differential 
self-heating error. 

Cold junction compensation (CJC) used in thermocouple signal 
conditioning can be implemented using an AD592 in the circuit 
configuration of Figure 11. Expensive simulated ice baths or 
hard to trim, inaccurate bridge circxiits are no longer required. 



Figure 11. Thermocouple Cold Junction Compensation 


The circuit shown can be optimized for any ambient temperature 
range or thermocouple type by simply selecting the correct 
value for the scaling resistor - R. The AD592 output (l|xA/K) 
times R should approximate the line best fit to the thermocouple 
curve (slope in V/°C) over the most likely ambient temperature 
range. Additionally, the output sensitivity can be chosen by 
selecting the resistors Kqi and Rg 2 for the desired noninverting 
gain. The offset adjustment shown simply references the AD592 
to ®C. Note that the TC’s of the reference and the resistors are 
the primary contributors to error. Temperature rejection of 40 
to 1 can be easily achieved using the above technique. 

Although the AD592 offers a noise immune current output, it is 
not compatible with process control/industrial automation current 
loop standards. Figure 12 is an example of a temperature to 4- 
20mA transmitter for use with 40V, IkCl systems. 

In this circuit the I^jlA/K output of the AD592 is amplified to 
lmA/°C and offset so that 4mA is equivalent to 17°C and 20mA 
is equivalent to 33°C. Rt is trimmed for proper reading at an 
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-O+20V 






Figure 12. Temperature to 4-20mA Current Transmitter 

intermediate reference temperature. With a suitable choice of 
resistors, any temperature range within the operating limits of 
the AD592 may be chosen. 

Reading temperature with an AD592 in a microprocessor based 
system can be implemented with the circuit shown in Figure 13. 


+ 5V 



Figure 13. Temperature to Digital Output 

By using a differential input A/D converter and choosing the 
current to voltage conversion resistor correctly any range of 
temperatures (up to the 130®C span the AD592 is rated for) 
centered at any point can be measured using a minimal number 
of components. In this configuration the system will resolve up 
to rc. 

A variable temperature controlling thermostat can easily be built 
using the AD592 in the circuit of Figure 14. 

R-high and Rlow determine the limits of temperature controlled 
by the potentiometer Rset- The circuit shown operates over the 
full temperature range (- 25‘’C to + 105°C) the AD592 is rated 
for. The reference maintains a constant set point voltage and 
insures that approximately 7V appears across the sensor. If it is 
necessary to guardband for extraneous noise hysteresis can be 
added by tying a resistor from the output to the ungrounded 
end of Rlow* 


+ 15V 



Figure 14. Variable Temperature Thermostat 

Multiple remote temperatures can be measured using several 
AD592s with a CMOS multiplexer or a series of 5V logic gates 
because of the device’s current-mode output and supply-voltage 
compliance range. The on-resistance of a FET switch or output 
impedance of a gate will not effect the accuracy, as long as 4V is 
maintained across the transducer. MUXs and logic driving circuits 
should be chosen to minimize leakage current related errors. 
Figure 15 illustrates a locally controlled MUX switching the 
signal current from several remote AD592s. CMOS or TTL 
gates can also be used to switch the AD592 supply voltages, 
with the multiplexed signal being transmitted over a single 
twisted pair to the load. 


+ 15V -15V 



CHANNEL 

SELECT 


Figure 15. Remote Temperature Multiplexing 

To minimize the number of MUXs required when a large number 
of AD592s are being used, the circuit can be configured in a 
matrix. That is, a decoder can be used to switch the supply 
voltage to a column of AD592s while a MUX is used to control 
which row of sensors are being measured. The maximum number 
of AD592s which can be used is the product of the number of 
channels of the decoder and MUX. 
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An example circuit controlling 80 AD592s is shown in Figure 
16. A 7-bit digital word is all that is required to select one of 
the sensors. The enable input of the multiplexer turns all the 
sensors off for minimum dissipation while idling. 


COLUMN 

SELECT 



80-AD592S 


Figure 16. Matrix Multiplexer 


To convert the AD592 output to °C or °F a single inexpensive 
reference and op amp can be used as shown in Figure 17. Although 
this circuit is similar to the two temperature trim circuit shown 
in Figure 6, two important differences exist. First, the gain 
resistor is fixed alleviating the need for an elevated temperature 
trim. Acceptable accuracy can be achieved by choosing an inex¬ 
pensive resistor with the correct tolerance. Second, the AD592 
calibration error can be trimmed out at a known convenient 
temperature (i.e., room temperature) with a single pot adjustment. 
This step is independent of the gain selection. 



V- 


Figure 17. Celsius or Fahrenheit Thermometer 
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ANALOG 

DEVICES 


Programmable Gain 
Instrumentation Amplifier 


AD625 


FEATURES 

User Programmed Gains of 1 to 10,000 
Low Gain Error: 0.02% max 
Low Gain TC: 5ppm/°C max 
Low Nonlinearity: 0.001% max 
Low Offset Voltage: 25pV 
Low Noise 4nV/Vl9z (at 1kHz) RTI 
Gain Bandwidth Product: 25MHz 
16-Pin Ceramic or Plastic DIP Package 
MIL-Standard Parts Available 
Low Cost 


AD625 FUNCTIONAL BLOCK DIAGRAM 



PRODUCT DESCRIPTION 

The AD625 is a precision instrumentation amplifier specifically 
designed to fulfill two major areas of application: 

1) Circuits requiring nonstandard gains (i.e., gains not easily 
achievable with devices such as the AD524 and AD624). 

2) Circuits requiring a low cost, precision software program¬ 
mable gain amplifier. 

For low noise, high CMRR, and low drift the AD625JN is the 
most cost effective instrumentation amplifier solution available. 
An additional three resistors allow the user to set any gain from 
1 to 10,000. The error contribution of the AD625JN is less than 
0.05% gain error and under 5ppm/°C gain TC; performance 
limitations are primarily determined by the external resistors. 
Common-mode rejection is independent of the feedback resistor 
matching. 

A software programmable gain amplifier (SPGA) can be configured 
with the addition of a CMOS multiplexer (or other switch network), 
and a suitable resistor network. Because the ON resistance of 
the switches is removed from the signal path, an AD625 based 
SPGA will deliver 12-bit precision, and can be programmed for 
any set of gains between 1 and 10,000, with completely user 
selected gain steps. 

For the highest precision the AD625C offers an input offset 
voltage drift of less than 0.25(jlV/°C, output offset drift below 
ISixV/^C, and a maximum nonlinearity of 0.001% at G= 1. All 
grades exhibit excellent ac performance; a 25MHz gain bandwidth 
product, 5V|xs slew rate and 15|jls settling time. 

The AD625 is available in three accuracy grades (A, B, C) for 
industrial (-25°C to +85°C) temperature range, two grades (J, 
K) for commercial (0 to + 70°C) temperature range, and one (S) 
grade rated over the extended (-55°C to + 125®C) temperature 
range. 


PRODUCT HIGHLIGHTS 

1. The AD625 affords up to 16-bit precision for user selected 
fixed gains from 1 to 10,000. Any gain in this range can be 
programmed by 3 external resistors. 

2. A 12-bit software programmable gain amplifier can be confi¬ 
gured using the AD625, a CMOS multiplexer and a resistor 
network. Unlike previous instrumentation amplifier designs, 
the ON resistance of a CMOS switch does not affect the gain 
accuracy. 

3. The gain accuracy and gain temperature coefficient of the 
amplifier circuit are primarily dependent on the user selected 
external resistors. 

4. The AD625 provides totally independent input and output 
offset nulling terminals for high precision applications. This 
minimizes the effects of offset voltage in gain-ranging 
applications. 

5. The proprietary design of the AD625 provides input voltage 
noise of 4nV/VHz at IkHz. 

6. External resistor matching is not required to maintain high 
common-mode rejection. 
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SPECIFICATIONS 


(typical @ Vs = ±15V, Rl = 2kn and = +25''C unless otherwise specified) 










AD625C 



Model 







Min 

Typ 

Max 

Units 

GAIN 


2Rf 



2Rf 



2Rf 



Gain Equation 


Rg^ ^ 



Rg"'^ 



Rg""^ 



Gain Range 

1 


10,000 

1 


10,000 

1 . 


10,000 


Gain Error’ 


±.035 

±0.05 


±0.02 

±0.03 


±0.01 

±0.02 

% 

Nonlinearity, Gain = 1-256 



±0.005 



±0.002 



±0.001 

% 

Gain>256 



±0.01 



±0.008 



±0.005 

% 

Gain vs. Temp. Gain< lOOO’ 



5 



5 



5 

ppm/°C 

GAIN SENSE INPUT 











Gain Sense Current 


300 

500 


150 

250 


50 

100 

nA 

vs. Temperature 


5 

20 


Z 

15 


2 

10 

nA/°C 

Gain Sense Offset Current 


150 

500 


75 

250 


50 

100 

nA 

vs. Temperature 


2 

15 


1 

10 


1 

5 

nA/“C 

VOLTAGE OFFSET (May be Nulled) 











Input Offset Voltage 


50 

200 


25 

50 


10 

25 

pV 

vs. Temperature 


1 

2/2 


0.25 

0.50/1 


0.1 

0.25 

pV/“C 

Output Offset Voltage 


4 

5 


2 

3 , 


1 

2 

mV 

vs. Temperature 


20 

50/50 


10 

25/40 


10 

15 

fiV/“C 

Offset Referred to the 











Input vs. Supply 











G = 1 

70 

75 


75 

85 


80 

90 


dB 

G=10 

85 

95 


90 

100 


95 

105 


dB 

G-lOO 

95 

100 


105 

no 


110 

120 


dB 

G = 1000 

100 

no 


no 

120 


115 

140 



INPUT CURRENT 









Hi 


Input Bias Current 


±30 

±50 


±20 

±25 


±10 


nA 

vs. Temperature 


±50 



±50 



±50 

HI 

pA/°C 

" Input Offset Current 


±2 

±35 


±I 

±15 


±1 


nA 

vs. Temperature 


±20 



±20 



±20 

■■ 

pA/“C 

INPUT 











Input Impedance 











Differential Resistance 


1 



1 



1 


Gil 

Differential Capacitance 


4 



4 



4 


pF 

Common-Mode Resistance 


1 



1 



1 


Gn 

Common-Mode Capacitance 


4 



4 

' 


4 


pF 

Input Voltage Range 











Differ. Input Linear (Vn) 



±10 



±10 



±10 

V 

Common Mode Linear ( V^m) 


12V -(j ><V 

o) 


12V - (j X V 

t>) 


12V --(j xV 



Common-Mode Rejection Ratio dc to 











60Hzwith IknSource Imbalance 











G=1 

70 

75 


75 

85 


80 

90 


dB 

G = 10 

90 

95 


95 

105 


100 

115 


dB 

G=100 

100 

105 


105 

115 


no 

125 


dB 

G = 1000 

no 

115 


115 

125 


120 

140 


dB 

OUTPUT RATING 


±ioy 



±10V 



±10V 





((/5mA 



Ca 5mA 



(a 5mA 



DYNAMIC RESPONSE 











Small Signal - 3dB 











G = 1 (Rf = 20kfl) 


650 



650 



650 


kHz 

G= 10, 


400 



400 



400 


kHz 

G= 100 


150 



150 



150 


kHz 

G= 1000 


25 



25 



25 


kHz 

Slew Rate 


5.0 



5.0 



5.0 


V/fis 

Settling Time to 0.01%, 20V Step 











G=lto200 


15 



15 



15 


JtS 

G = 500 


35 



35 



35 


txs 

G= 1000 


75 



75 



75 


ixs 

NOISE 











Voltage Noise, 1 kHz 











R.T.I. 


4 



4 



4 


nV/Vlli 

R.T.O. 


75 



75 



75 


nV/VHz 

R.T.I.,0.1 to lOHz 











G=1 


10 



10 



10 


ji.Vp-p 

G= 10 


1.0 



1.0 



1.0 


HiVp-p 

G=100 


0.3 



0.3 



0.3 


l^Vp-p 

G=1000 


0.2 



0.2 



0.2 


fi.Vp-p 

Current Noise 











O.lHztolOHz 


60 



60 



60 


pAp-p 

SENSE INPUT 











Rin 


10 



10 



10 


kn 

IlN 


30 



30 



30 


pA 

Voltage Range 

±10 



±10 



±10 



V 

Gain to Output 


1±0.01 



1±0.01 



1±0.01 


% 
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AD625Ayj/S 

AD625B/K 

AD625C 


Model 

Min Typ Max 

Min Typ Max 

Min Typ Max 

Units 

REFERENCE INPUT 





Rin 

20 

20 

20 

kn 

IlN 

30 

30 

30 

pA 

Voltage Range 

± 10 

±10 

±10 

V 

Gain to Output 

1 ±0.01 

1±0.01 

1±0.01 

% 

TEMPERATURE RANGE 





Specified Performance 





J/K Grades 

0 +70 

0 +70 


“C 

A/B/C Grades 

-25 +85 

-25 +85 

- 25 + 85 

°c 

S Grade 

- 55 +125 




Storage 

-65 +150 

-65 +150 

-65 +150 

X 

POWER SUPPLY 





Power Supply Range 

±5to ±18 

±5to ±18 

±5 to ±18 

V 

Quiescent Current 

3.5 5 

3.5 5 

3.5 5 

mA 


NOTES 

'Gain Error and Gain TC are for the AD625 only. Resistor Network errors will add to the specified errors. 
Specifications subject to change without notice. 

Specifications shown in boldface are tested on all production units at final 
electrical test. Results from those tests are used to calculate outgoing quality 
levels. All mim and max specifications are guaranteed, although only those 
shown in boldface are tested on all production units. 


OUTLINE DIMENSIONS 

Dimensions shown in inches and (mm). 


PIN CONFIGURATION 


+ INPUT iT~ 
+ GAIN SENSE [T 




RTINULL'- 
+ GAIN DRIVE rF 

N/C [V 
REFERENCE [T 
-V.Q: 


~T6l - INPUT 

iri-GAIN SENSE 
-, RTO NULL 

lOkii -V 



16-PIN CERAMIC PACKAGE 


U_ 0.430 _j 

P (10.922) 



N16B 

16-PIN PLASTIC DIP PACKAGE 
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Typical Characteristics 



SUPPLY VOLTAGE - ±V 


Figure 1. Input Voltage Range vs. 
Supply Voltage, G = 1 



FREQUENCY- Hz 


Figure 4. CMRR vs. Frequency 
RTI, Zero to 1 kCl Source Imbalance 



WARM-UP TIME - MINUTES 


Figure 7. Offset Voltage, RTI, Turn 
On Drift 



TEMPERATURE -"C 

Figure 10. Input Bias Current vs. 
Temperature 



SUPPLY VOLTAGE - ±V 


Figure 2. Output Voltage Swing 
vs. Supply Voltage 






“T 

G= 

>00 


G=1. 1< 

0 








1 









A 








_G100p 

1 


1 





01—J_1 ,1 i .i i —lilu 

Ik 10k 100k 1M 

FREQUENCY- Hz 


Figure 5. Large Signal Frequency 
Response 



10 100 Ik 10k 100k 

FREQUENCY-Hz 


Figure 8. Negative PSRR vs. 
Frequency 


i 



Figure 11. Overange and Gain 
Switching Test Circuit (G=8, G~1} 



LOAD RESISTANCE - fl 


Figure 3. Output Voltage Swing 
vs. Resistive Load 



100 1k 10k 100k 1M 10M 

FREQUENCY-Hz 


Figure 6. Gain vs. Frequency 



10 100 Ik 10k 100k 

FREQUENCY-Hz 

Figure 9. Positive PSRR vs. 
Frequency 



Figure 12. Gain Overange Recovery 
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Typical Characteristics 








Figure 22. Large Signal Pulse Figure 23. Settling Time Test 

Response and Settling Time, G= 10 Circuit 


Figure 24. Large Signal Pulse 
Response and Settling Time, 
G=1000 
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Theory of Operation 

The AD625 is a monolithic instrumentation amplifier based on 
a modification of the classic three-op-amp approach. Monolithic 
construction and laser-wafer-trimming allow the tight matching 
and tracking of circuit components. This insures the high level 
of performance inherent in this circuit architecture. 

A preamp section (Q1-Q4) provides additional gain to A1 and 
A2. Feedback from the outputs of A1 and A2 forces the collector 
currents of Q1-Q4 to be constant, thereby, impressing the input 
voltage across Rq. This creates a differential voltage at the outputs 
of A1 and A2 which is given by the gain (2 Rf/Rg +1) times 
the differential portion of the input voltage. The unity gain 
subtractor, A3, removes any common-mode signal from the 
output voltage yielding a single ended output, Voutj referred to 
the potential at the reference pin. 

The value of Rq is the determining factor of the transconductance 
of the input preamp stage. As Rq is reduced for larger gains the 
transconductance increases. This has three important advantages. 
First, this approach allows the circuit to achieve a very high 
open-loop gain of (3 x 10® at programmed gains ^ 500) thus 
reducing gain related errors. Second, the gain-bandwidth product, 
which is determined by C3, C4, and the input transconductance, 
increases with gain, thereby, optimizing frequency response. 
Third, the input voltage noise is reduced to a value determined 
by the collector current of the input transistors (4nV/VHz). 

INPUT PROTECTION 

Differential input amplifiers frequently encounter input voltages 
outside of their linear range of operation. There are two consid¬ 
erations when applying input protection for the AD625; 1) that 
continuous input current must be limited to less than 10mA and 
2) that input voltages must not exceed either supply by more 
than one diode drop (approximately 0.6V @ 25°C). 

Under differential overload conditions there is (Rg + 100)fl in 
series with two diode drops (approximately 1.2V) between the 
plus and minus inputs, in either direction. With no external 
protection and Rg very small (i.e., 40fl), the maximum overload 
voltage the AD625 can withstand, continuously, is approximately 
±2.5V. Figure 26A shows the external components necessary to 
protect the AD625 under all overload conditions at any gain. 



Figure 25. Simplified Circuit of the AD625 


The diodes to the supplies are only necessary if input voltages 
outside of the range of the supplies are encountered. In higher 
gain applications where differential voltages are small, back-to- 
back zener diodes and smaller resistors, as shown in Figure 26b, 
provides adequate protection. Figure 26c shows low cost FETs 
with a maximum ON resistance of 3000 configured to offer 
input protection with minimal degradation to noise, (5.2nV/vl5z 
compared to normal noise performance of 4nV/VHz). 

During differential overload conditions, excess current will flow 
through the gain sense lines (pins 2 and 15). This will have no 
effect in fixed gain applications. However, if the AD625 is 
being used in an SPGA application with a CMOS multiplexer, 
this current should be taken into consideration. The current 
capabilities of the multiplexer may be the limiting factor in 
allowable overflow current. The ON resistance of the switch 
should be included as part of Rg when calculating the necessary 
input protection resistance. 
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Applying the AD625 


Any resistors in series with the inputs of the AD625 will degrade 
the noise performance. For this reason the circuit in Figure 26b 
should be used if the gains are all greater than 5. For gains less 
than 5, either the circuit in Figure 26a or in Figure 26c can be 
used. The two 1.4kn resistors in Figure 26a will degrade the 
noise performance to; 

V4kTRe„ + (4nV/\^)2 = 7.9nV/v1?z 

RESISTOR PROGRAMMABLE GAIN AMPLIFIER 

In the resistor-programmed mode (Figure 27), only three external 
resistors are needed to select any gain from 1 to 10,000. Depending 
on the application, discrete components or a pretrimmed network 
can be used. The gain accuracy and gain TC are primarily de¬ 
termined by the external resistors since the AD625C contributes 
less than 0.02% to gain error and under 5ppm/'’C gain TC. The 
gain sense current is insensitive to common-mode voltage, making 
the CMRR of the resistor programmed AD625 independent of 
the match of the two feedback resistors, Rp- 

Selecting Resistor Values 

As previously stated each Rp provides feedback to the input 
stage and sets the unity gain transconductance. These feedback 
resistors are provided by the user. The AD625 is tested and 
specified with a value of 20kn for Rp. Since the magnitude of 
RTO errors increases with increasing feedback resistance, values 
much above 20kn are not recommended (values below lOkfl for 
Rp may lead to instability). Refer to the graph of RTO noise, 
offset, drift, and bandwidth (Figure 28) when selecting the 
feedback resistors. The gain resistor (Rq) is determined by the 
formula Rg = 2Rp/(G- 1). 














\ 




1 

1 





Figure 28. RTO Noise, Offset, Drift, and Bandwidth vs. 
Feedback Resistance Normalized to 20kCl 


Figure 27. AD625 in Fixed Gain Configuration 


GAIN 

Rp 

Rg 

1 

20kn 

00 

2 

19.6kn 

39.2kn 

5 

20kn 

lOkll 

10 

20kn 

4.42kn 

20 

20kn 

2.1ka 

50 

19.6kn 

8060 

100 

20kn 

4020 

200 

20.5kn 

2050 

500 

19.6kn 

78.70 

1000 

19.6kn 

39.20 

4 

20kn 

13.3kO 

8 

19.6ka 

5.62kO 

16 

20kn 

2.67kO 

32 

19.6kn 

1.27kO 

64 

20kD 

6340 

128 

20kD 

3160 

256 

19.6kn 

1540 

512 

19.6kn 

76.80 

1024 

19.6kn 

38.30 


A list of standard resistors which can be used to set some common 
gains is shown in Table I. 

For single gain applications, only one offset null adjust is necessary; 
in these cases the RTI null should be used. 


Table I. Common Gains Nominally within 
Using Standard 1% Resistors 


:0.5% Error 


NEW PRODUCTS - ICs 3-117 











SENSE TERMINAL 

The sense terminal is the feedback point for the AD625 output 
amplifier. Normally it is connected directly to the output. If 
heavy load currents are to be drawn through long leads, voltage 
drops through lead resistance can cause errors. In these instances 
the sense terminal can be wired to the load thus putting the 
I X R drops “inside the loop” and virtually eliminating this 
error source. 

Typically, IC instrumentation amplifiers are rated for a full± 10 
volt output swing into 2kn. In some applications, however, the 
need exists to drive more current into heavier loads. Figure 29 
shows how a high-current booster may be connected “inside the 
loop” of an instrumentation amplifier. By using an external 
power boosting circuit, the power dissipated by the AD625 will 
remain low, thereby, minimizing the errors induced by self-heat- 
ing. The effects of nonlinearities, offset and gain inaccuracies of 
the buffer are reduced by the loop gain of the AD625’s output 
amplifier. 



Figure 29. AD625 Instrumentation Amplifier with Output 
Current Booster 

REFERENCE TERMINAL 

The reference terminal may be used to offset the output by up 
to ± lOV. This is useful when the load is “floating” or does not 
share a ground with the rest of the system. It also provides a 
direct means of injecting a precise offset. However, it must be 
remembered that the total output swing is ± 10 volts, from 
ground, to be shared between signal and reference offset. 

The AD625 reference terminal must be presented with nearly 
zero impedance. Any significant resistance, including those 
caused by PC layouts or other connection techniques, will increase 
the gain of the noninverting signal path, thereby, upsetting the 
common-mode rejection of the In-Amp. Inadvertent thermocouple 
connections created in the sense and reference lines should also 
be avoided as they will directly affect the output offset voltage 
and output offset voltage drift. 

In the AD625 a reference source resistance will unbalance the 
CMR trim by the ratio of lOkfl/RREF- For example, if the reference 
source impedance is Ifl, CMR will be reduced to 80dB (lOkfl/lft 
= 80dB). An operational amplifier may be used to provide the 
low impedance reference point as shown in Figure 30. The 
input offset voltage characteristics of that amplifier will add 
directly to the output offset voltage performance of the in¬ 
strumentation amplifier. 

The circuit of Figure 30 also shows a CMOS DAC operating in 
the bipolar mode and connnected to the reference terminal to 
provide software controllable offset adjustments. The total offset 
range is equal to ± (Vref/2 x R 5 /R 4 ), however, to be symmetrical 
about OV R3 = 2 X R4. 


The offset per bit is equal to the total offset range divided by 
2^, where N = number of bits of the DAC. The range of offset 
for Figure 30 is ± 120mV, and the offset is incremented in steps 
of0.9375mV/LSB. 



Figure 30. Software Controllable Offset 

An instrumentation amplifier can be turned into a voltage-to- 
current converter by taking advantage of the sense and reference 
terminals as shown in Figure 31. 



Figure 31. Voltage-to-Current Converter 

By establishing a reference at the “low” side of a current setting 
resistor, an output current may be defined as a function of 
input voltage, gain and the value of that resistor. Since only a 
small current is demanded at the input of the buffer amplifier 
Al, the forced current 1 ^ will largely flow through the load. 
Offset and drift specifications of A2 must be added to the output 
offset and drift specifications of the In-Amp. 
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INPUT AND OUTPUT OFFSET VOLTAGE 

Offset voltage specifications are often considered a figure of 
merit for instrumentation amplifiers. While initial offset may be 
adjusted to zero, shifts in offset voltage due to temperature 
variations will cause errors. Intelligent systems can often correct 
for this factor with an auto-zero cycle, but this requires extra 
circuitry. 

Offset voltage and offset voltage drift each have two components: 
input and output. Input offset is that component of offset that 
is generated at the input stage. Measured at the output it is 
directly proportional to gain, i.e., input offset as measured at 
the output at G = 100 is 100 times greater than that measured 
at G = 1. Output offset is generated at the output and is constant 
for all gains. 

The input offset and drift are multiplied by the gain, while the 
output terms are independent of gain, therefore, input errors 
dominate at high gains and output errors dominate at low gains. 
The output offset voltage (and drift) is normally specified at 
G = 1 (where input effects are insignificant), while input offset 
(and drift) is given at a high gain (where output effects are 
negligible). All input-related parameters are specified referred to 
the input (RTI) which is to say that the effect on the output is 
“G” times larger. Offset voltage vs. power supply is also specified 
as an RTI error. 

By separating these errors, one can evaluate the total error inde¬ 
pendent of the gain. For a given gain, both errors can be combined 
to give a total error referred to the input (RTI) or output (RTO) 
by the following formula: 

Total Error RTI = input error + (output error/gain) 

Total Error RTO = (Gain x input error) + output error 

The AD625 provides for both input and output offset voltage 
adjustment; This simplifies nulling in very high perecision ap¬ 
plications and minimizes offset voltage effects in switched gain 
applications. In such applications the input offset is adjusted 
first at the highest programmed gain, then the output offset is 
adjusted at G = 1. If only a single null is desired, the input 
offset null should be used. The most additional drift when using 
only the input offset null is 0.9^V/°C, RTO. 

COMMON-MODE REJECTION 

Common-mode rejection is a measure of the change in output 
voltage when both inputs are changed by equal amounts. These 
specifications are usually given for a full-range input voltage 
change and a specified source imbalance. 

In an instrumentation amplifier, degradation of common-mode 
rejection is caused by a differential phase shift due to differences 
in distributed stray capacitances. In many applications shielded 
cables are used to minimize noise. This technique can create 



Figure 32. Common-Mode Shield Driver 


common-mode rejection errors unless the shield is properly 
driven. Figures 32 and 33 show active data guards which are 
configured to improve ac common-mode rejection by “bootstrap¬ 
ping” the capacitances of the input cabling, thus minimizing 
differential phase shift. 



Figure 33. Differential Shield Driver 

GROUNDING 

In order to isolate low level analog signals from a noisy digital 
environment, many data-acquisition components have two or 
more ground pins. These grounds must eventually be tied together 
at one point. It would be convenient to use a single ground line, 
however, current through ground wires and pc runs of the 
circuit card can cause hundreds of millivolts of error. Therefore, 
separate ground returns should be provided to minimize the 
current flow from the sensitive points to the system ground (see 
Figure 34). Since the AD625 output voltage is developed with 
respect to the potential on the reference terminal, it can solve 
many grounding problems. 



ANALOG 

POWER 

GROUND 


Figure 34. Basic Grounding Practice for a Data Acquisition 
System 

GROUND RETURNS FOR BIAS CURRENTS 

Input bias currents are those currents necessary to bias the 
input transistors of a dc amplifier. There must be a direct return 
path for these currents, otherwise they will charge external 
capacitances, causing the output to drift uncontrollably or saturate. 
Therefore, when amplifying “floating” input sources such as 
transformers, or ac-coupled sources, there must be a dc path 
from each input to ground as shown in Figure 35. 
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Figure 35a. Ground Returns for Bias Currents with 
Transformer Coupled inputs 



Figure 35b. Ground Returns for Bias Currents with 
Thermocouple input 



Figure 35c. Ground Returns for Bias Currents with AC 
Coupled Inputs 

AUTO-ZERO CIRCUITS 

In many applications it is necessary to maintain high accuracy. 
At room temperature, offset effects can be nulled by the use of 
offset trimpots. Over the operating temperature range, however, 
offset nulling becomes a problem. For these applications the 
auto-zero circuit of Figure 36 provides a hardware solution. 

OTHER CONSIDERATIONS 

One of the more overlooked problems in designing ultra-low-drift 
dc amplifiers is thermocouple induced offset. In a circuit comprised 
of two dissimilar conductors (i.e., copper, kovar), a current 
flows when the two junctions are at different temperatures. 

When this circuit is broken, a voltage known as the “Seebeck” 
or thermocouple emf can be measured. Standard IC lead material 
(kovar) and copper form a thermocouple with a high thermoelectric 
potential (about 35|xV°C). This means that care must be taken 
to insure that all connections (especially those in the input circuit 
of the AD625) remain isothermal. This includes the input leads 
(1, 16) and the gain sense lines (2, 15). These pins were chosen 
for symmetry, helping to desensitize the input circuit to thermal 
gradients. In addition, the user should also avoid air currents 



Figure 36. Auto-Zero Circuit 

over the circuitry since slowly fluctuating thermocouple voltages 
will appear as “flicker” noise. In SPGA applications relay contacts 
and CMOS mux leads are both potential sources of additional 
thermocouple errors. 

The base emitter junction of an input transistor can rectify out 
of band signals (i.e., RF interference). When amplifying small 
signals, these rectified voltages act as small dc offset errors. The 
AD625 allows direct access to the input transistors’ bases and 
emitters enabling the user to apply some first order filtering to 
these unwanted signals. In Figure 37, the RC time constant 
should be chosen for desired attenuation of the interfering signals. 
In the case of a resistive transducer, the capacitance alone working 
against the internal resistance of the transducer may suffice. 
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These capacitances may also be incorporated as part of the external 
input protection circuit (see section on input protection). As a 
general practice every effort should be made to match the ex¬ 
traneous capacitance at pins 15 and 2, and pins 1 and 16, to 
preserve high ac CMR. 

SOFTWARE PROGRAMMABLE GAIN AMPLIFIER 

An SPGA provides the ability to externally program precision 
gains from digital inputs. Historically, the problem in systems 
requiring electronic switching of gains has been the ON resistance 
(Ron) of tho multiplexer, which appears in series with the gain 
setting resistor Rq. This can result in substantial gain errors and 
gain drifts. The AD625 eliminates this problem by making the 
gain drive and gain sense pins available (pins 2, 15,5, 12; see 
Figure 39). Consequently the multiplexer’s ON resistance is 
removed from the signal current path. This transforms the ON 
resistance error into a small nullable offset error. To clarify this 
point, an error budget analysis has been performed in Table II 
based on the SPGA configuration shown in Figure 39. 




Figure 38. SPGA in a Gain of 16 


Figure 38 shows an AD625 based SPGA with possible gains of 
1, 4, 16, 64. Rg equals the resistance between the gain sense 
lines (pins 2 and 15) of the AD625. In Figure 38, Rq equals the 
sum of the two 975ft resistors and the 650ft resistor, or 2600ft. 
Rp equals the resistance between the gain sense and the gain 
drive pins (pins 12 and 15, or pins 2 and 5), that is Rp equals 
the 15.6kft resistor plus the 3.9kft resistor, or 19.5kft. The 
gain, therefore equals: 


^ 2(19.5kft) 

Rg (2.6kft) 


16 


As the switches of the differential multiplexer proceed syn¬ 
chronously, Rg and Rp change, resulting in the various 
programmed gain settings. 


Figure 39 shows a complete SPGA feeding a 12-bit DAS with a 
0-1OV input range. This configuration was used in the error 
budget analysis shown in Table II. The gain used for the RTI 
calculations is set at 16. As the gain is changed, the ON resistance 
of the multiplexer and the feedback resistance will change, 
which will slightly alter the values in the table. 


Specification Voltage Offset 


Induced Error 

AD625C 

AD7502KN 

Calculation 

Induced RTI 

RTI Offset 
Voltage 

Gain Sense 
Offset 
Current 
40nA 

Switch 

Resistance 

170n 

40nAx 170ft = 
6.8p,V 

6.8M.V 

RTI Offset 
Voltage 

Gain Sense 

Current 

60nA 

Differential 

Switch 

Resistance 

6.8ft 

60nA X 6.8ft = 
0.41p,V 

0.41fJLV 

RTO Offset 
Voltage 

Feedback 

Resistance 

20kn' 

Differential 
Leakage 
Current (Is)^ 

+ 0.2nA 
-0.2nA 

2(0.2nAx20kft) 

= 8fxV/16 

0.5m,V 

RTO Offset 
Voltage 

Feedback 

Resistance 

20kn' 

Differential 

Leakage 

Current 

2(lnAx20kft) 

= 40jtV/16 

2.5jiV 


(Iout)^ 
+ InA 
- InA 


Total error induced by a typical CMOS multiplexer 
toanSPGAat25'’C 10.21pV 

NOTES 

'The resistor for this calculation is the user provided feedback resistance (Rp). ZOkfl is 
recommended value (see resistor programmable gain amplifier section). 

^The leakage currents (1$ and Iqut) will induce an offset voltage, however, the offset will 
be determined by the difference between the leakages of each “half’ of the differential 
multiplexer. The differential leakage current is multiplied by the feedback resistance 
(see Note l),to determine offset voltage. Because differential leakage curent is not a 
parameter specified on multiplexer data sheets, the most extreme difference (one most 
positive and one most negative) was used for the calculations in Table II. Typical 
performance will be much better. 

*The frequency response and settling will be affected by the ON resistance and internal 
capacitance of the multiplexer. Figure 40 shows the settling time vs. ON resistance ait 
different gain settings for an AD62S based SPGA. 

**Switch resistance and leakage current errors can be reduced by using relays. 


Table II. Errors Induced by Multiplexer to an SPGA 
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Figure 40. Settling Time to 0.01% of a 20V Step Input for 
SPGA with AD625 


DETERMINING SPGA RESISTOR NETWORK VALUES 

The individual resistors in the gain network can be calculated 
sequentially using the formula given below. The equation deter¬ 
mines the resistors as labeled in Figure 41. The feedback resistors 
and the gain setting resistors are interactive, therefore; the formula 
must be a series where the present term is dependent on the 
preceding term(s). The formula 

Rp,^,= (20kn-XRFi)a-^) Jjio 

can be used to calculate the necessary feedback resistors for any 
set of gains. This formula yields a network with a total resistance 
of 40kn. A dummy variable (j) serves as a counter to keep a 


running total of the preceding feedback resistors. To illustrate 
how the formula can be applied, an example similar to the cal¬ 
culation used for the resistor network in Figure 38 is examined 
below. 

1) Unity gain is treated as a separate case. It is implemented 
with separate 20kn feedback resistors as shown in Figure 41. It 
is then ignored in further calculations. 

2) Before making any calculations it is advised to draw a resistor 
network similar to the network in Figure 41. The network will 
have (2xM) + 1 resistors, where M = number of gains. For 
Figure 38 M = 3 (4, 16, 64), therefore, the resistor string will 
have 7 resistors (plus the two 20kfl “side” resistors for unity 
gain). 

3) Begin all calculations with Go = 1 and Rp^j = 0. 

Rpj = (20ka - Rfq) (1 -1/4): Rp^ = 0 Rpj = ISkU 
Rp^ = [20ka - (Rp^ + Rp,)] (1 - 4/16): 

Rpo + Rpi = 15kn;.Rp2 = 3.75ka 
RP3 = [20ka - (Rp^ + Rp, + Rpp] (1 - 16/64): 

Rfo + Rfj + Rf 2 "" 18.75kn;.Rp3 = 937.5a 

4) The center resistor (Rg of the highest gain setting), is determined 
last. Its value is the remaining resistance of the 40ka string, 
and can be calculated with the equation: 

M 

Rg= (40ka- 2 ^ Rp.) 

Rg = 40ka - 2 (Rpp + Rpj + Rp^ + RP 3 ) 

40ka-39.375ka = 625a 

5) If different resistor values are desired, all the resistors in the 
network can be scaled by some convenient factor. However, 
raising the impedance will increase the RTO errors, lowering 
the total network resistance below 20ka can result in amplifier 
instability. More information on this phenomenon is given in 
the RPGA section of the data sheet. The scale factor will not 
affect the unity gain feedback resistors. The resistor network in 
Figure 38 has a scaling factor of 650/625 = 1.04, if this factor is 
used on Rp^, Rp^, RP3, and Rq, then the resistor values will 
match exactly. 

6) Round off errors can be cumulative, therefore, it is advised 
to carry as many significant digits as possible until all the values 
have been calculated. 



Figure 41. Resistors for a Gain Setting Network 


3-122 NEW PRODUCTS - ICs 






ANALOG 

DEVICES 


Universal Trigonometric 
Function Generator 


AD639* 


FEATURES 

Complete, Fully-Calibrated Synthesis System 
All Standard Functions: Sin, Cos, Tan, Cosec, 
Sec, Cot, Arcsin, Arccos, Arctan, etc. 
Accurate Law Conformance (Sine to 0.02%) 
Angular Range of ± 500'’ (Sine Mode) 

Function Programmable by Pin Strapping 
1.5MHz Bandwidth (Sine Mode) 

Multiplication via External Amplitude Input 

APPLICATIONS 

Continuous Wave Sine Generators 
Synchro Sine/Cosine Multiplication 
Coordinate Conversion and Vector Resolution 
Imaging and Scanning Linearization Circuits 
Quadrature and Variable Phase Oscillators 


AD639 FUNCTIONAL BLOCK DIAGRAM 



PRODUCT DESCRIPTION 

The AD639 is a high accuracy monolithic function generator 
which provides all the standard trigonometric functions and 
their inverses via pin-strapping. Law conformance and total 
harmonic distortion surpass that previously attained using analog 
shaping techniques. Speed also exceeds that possible using ROM 
look-up tables and a DAC; in the sine mode, bandwidth is 
typically 1.5MHz. Unlike other function synthesis circuits, the 
AD639 provides a smooth and continuous sine conformance 
over a range of - 500° to + 500°. A unique sine generation 
technique results in 0.02% law conformance errors and distortion 
levels of — 74dB in triwave to sinewave conversion. 

The AD639 is available in three performance grades. The A and 
B are specified from - 25°C to + 85°C and the S is guaranteed 
over the extended temperature rajige of - 55°C to + 125°C. All 
versions are packaged in a hermetic TO-116, 16-pin ceramic 
DIP. 

PRODUCT HIGHLIGHTS 

The AD639 generates a basic function which is the ratio of a 
pair of independent sines: 

sin (xi - K 2 ) 
sin (y, - yj) 


The differential angle arguments are proportional to the input 
voltages X and Y scaled by 50°A^. Using the 1.8V on-board 
reference any of the angular inputs can be preset to 90°. This 
provides the means to set up a fixed numerator or denominator 
(sin 90° = 1) or to convert either sine function to a cosine 
(cos0 = sin (90°-0)). Using the ratio of sines, aU trigonometric 
functions can be generated (see Table I). 

The amplitude of the function is proportional to a voltage U, 
which is the sum of an external differential voltage (Ui - U 2 ) 
and an optional internal preset voltage (Up). The control pin UP 
selects a OV, IV or lOV laser-trimmed preset amplitude which 
may be used alone (Ui - U 2 = 0) or internally added to the Ui - U 2 
analog input. At the output, a further differential voltage Z can 
be added to the ratio of sines to obtain the offset trigonometric 
functions versine (1 — cos 0), coversine (1 - sin 0) and exsecant 
(1 - sec 0). A gating input is available which may be used to 
enable or disable the analog output. This pin also acts as an 
error flag output in situations where a combination of inputs 
will cause the output to saturate or to be undefined. 

In the inverse modes, the argument can be the ratio of two 
input signals. This allows the user to compute the phase angle 
between the real and imaginary components of a signal using 
the arctangent mode. 


^Protected by U.S. Patent Numbers 3,887,863; 4,475,169; 4,476,538. 
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SPECIFICATIONS 


(typical @Ta= 25**C, Vs = ± 15V, U or Up = 10V unless othenwlse specified) 




AD639A 1 

1 AD639B 


AD639S 



Parameter 

Conditions 

Min 

Typ 

Max 

Min 

Typ 

Max 

Min 

Typ 

Max 

Unitis 

SYSTEM PERFORMANCE | 











SINE AND COSINE 

MODE ACCURACY 


■ 










Law Conformance* 

Total Harmonic 

-90°to+90°,U=10V 

■ 









% 

Distortion^ 

@10kHz,U=10V 


-74 



-74 



-74 


dB 

Mismatch of Six Peaks 

-540° to+540° 


■IIIV 



■iTiM 



HEn 


% 

Output Noise 

@10kHz,U=10V 


2.8 



2.8 



2.8 


fjiV/VHz 


(aiOkHz,U=lV 

IlHi 









nV/Vm 

PEAK ABSOLUTE ERROR 



■i 









Sine Mode 

-90°to+90°,Up=10V 



0.8 


0.2 

0.4 


0.4 

0.8 

%FS 


TmintoTn^ax 





0.8 

1.8 


2.0 

3.0 

%FS 

Cosine Mode 

-90° to +90°,Up=10V 


19 

mM 


0.4 

0.7 


0.6 

1.2 

%FS 


Tjnin to Tniax 


1.5 

WM 


1.2 

2.0 


2.0 

3.3 

%FS 

Sine or Cosine 

-180°to + 180°,Up=10V 


0.8 



0.5 

0.8 


0.8 

1.5 

%FS 


TmintoT^ 


1.7 

■I 


1.3 

2.5 


2.8 

4.0 

%FS 


-360° to +360°,Up=10V 


1.2 

■■ 


1.0 



1.2 


%FS 


-90° to + 90°, Up = IV 


1.3 



1.0 

1.7 


1.3 

^■1 

%FS 


T min to T max 


1.5 



1.0 

2.3 




%FS 


-180°to + 180°,Up=lV 


1.5 

3.0 


1.2 

2.0 


1.5 

3.0 

%FS 


TmintoTmax 


1.7 



1.3 



2.3 


%FS 


-360°to+360°,Up=lV 


2.0 



1.8 

H 


2.0 

H 

%FS 

vs Supply 

-360° to +360°,Up=10V 
V3= ±15V ±1V 


0.02 



0.02 

■ 


0.02 

■: 

%FS/V 


-360°to +360°,Up=lV 
V3=±15V±1V 


0.07 



0.07 

■ 


0.07 

■ 

%FSA^ 

TANGENT MODE ACCURACY 












PeakError^ 

-45° to +45°,Up=10V 


2.0 

3.5 


1.0 

2.0 


2.0 

3.5 

%FS 


TmintoTmax 


2.5 



1.5 

2.8 


3.0 


%FS 


-45°to+45°,Up=lV 


3.0 

5.0 


1.5 

3.0 


3.0 

5.0 

%FS 


TmintoTmax 

m 

4.0 


hh 

2.0 

5.0 

HH 



%FS 

ARCTANGENT MODE ACCURACY 


■■jjii 



HH 


■Hill 

IHH 




Peak Angtilar Error 








^^H 




Fixed Scale 

Up=lV 


1.5 



1.5 



1.5 


Degrees 

Variable Scale 

U = 0.1V, -11V<Z< + 11V 


um 



2.5 



2.5 


Degrees 


U=10V, -11V<Z< + 11V 

m 


HUB 


0.5 


m 

0.5 


Degrees 

SECTIONAL SPECIFICATIONS 1 











ANGLE INPUTS (XI & X2,Y1 & Y2)'‘ 












Input Resistance to COM 



3.6 



3.6 



3.6 


1 kn ^ 

Nominal Scaling Factor 

XI &X2 Inputs 



50 






50 


! °/v 

Angular Range For 












Specified Error(Xl-X2) 


-360 


+ 360 

-360 


+ 360 

-360 


+ 360 

Degrees 

Scaling Error XI or X2 



0.2 

0.65 


0.2 

0.65 



0.65 

% 

Angular Offset XI =X2 = 0 

Y1&Y2 Inputs 



0.1 

0.3 


0.1 

0.3 



0.3 

Degrees 

Angular Range For 












Specified Error (Y1 - Y2) 


0 


+ 180 

0 


+ 180 

0 


+ 180 

Degrees 

Scaling Error Y1 or Y2 



1.0 

2.0 



2.0 


1.5 

2.0 

% 

Angular Offset Y1 = Y2 = 0 



0.5 

1.0 



1.0 


0.5 

1.0 

Degrees 

AMPLITUDE INPUTS (U1 & U2) 


— 






■■■ 




Input Resistance to COM 



50 



50 



50 


kn 

Nominal Gain 

X^Y = VR,WtoZl 


1 



1 



1 


w/w 

Gain Error 

U = 0.1tol0V 


0.01 



0.01 

0.5 


0.01 

0.5 

% 


TmintoTmax 


0.08 



0.08 



0.25 


% 

Voltage Offset 

U, = U2 = 0V 


3.0 

10 


3.0 

10 


3.0 

10 

mV 


TmintoTmax 


3.0 



3.0 



4.0 


mV 

Linearity Error 

0<U,-U2^10V 

HU 

0.1 



0.1 



0.1 


% 

AMPLITUDE PRESET (UP) 


■■■ 



■nil 







IV Preset Enabled 

Amplitude Accuracy 

UP tied to-Vs 

■ 

0.4 

2.0 

■ 

0.4 

2.0 



2.0 

% 


T min to T max 


1.5 



1.5 





% 

lOV Preset Enabled 

Amplitude Accuracy 

UP tied to + Vs 

■ 

0.1 

0.55 

■ 

0.1 

0.55 


0.1 

0.55 

% 


T^i„toT„., 


1.0 



1.0 



1.5 . 


% 

INVERSE INPUTS (Z1 & Z2) 








■ 



kh 

Input Resistance to COM 



50 

IHi 


50 

HI 

^B 

50 
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Parameter 

Conditions 





B 





Units 

SIGNAL OUTPUT (W) 

RLs2kn,CL^100pF 










■ 

Small Signal Bandwidth W to Z1 











mB 


Cc = 0 


1.5 



1.5 



1.5 




Cc = 200pF 


30 



30 



30 


IttB 

Slew Rate 

Cc = 0 


30 



30 



30 


B!^B 

Output Voltage Swing 


±11 

±13 


±11 

±13 


±11 

±13 



Short Circuit Current 


20 

30 

45 

20 

30 

45 

20 

30 

45 

i^m 

Output Offset 

Zi=Z2 = 0,Up=10 


5 

30 


5 

30 


5 

30 

mV 


TmintoT^ 


10 



10 





mV 


Z, = Z2 = 0,Up=lV 



20 



20 



20 

mV 


TnuntoT^ 


7 



7 





mV 

VOLTAGE REFERENCE (VR) 





mu 



Bm 




RLS = 1.8Kn 












Nominal Output 



-1-1.8 



+ 1.8 



+ 1.8 


V 

Output Voltage Tolerance 



0.05 

0.45 


0.05 

0.45 


0.05 

0.45 

% 


Tmin to Tmax 


0.08 



0.08 

0.5 


0.2 

0.7 

% 

Supply Regulation 

+ Vs=5Vtol8V 


150 



150 



150 


MlV/V 

Maximum Output Current 



4 



4 


BBI 

4 


mA 

GATE I/O (GT) 


■mi 


imu 

■■■ 


■■ 

bbb 


BBI 


Switching Threshold as an Input 

Output Valid 


+ 1.5 



+ 1.5 



+ 1.5 


V 


Output Invalid 


0.1 



0.1 



0.1 


V 

Voltage Output 

Error, Ri, = 5kll 


+ 2.25 



+ 2.25 



+ 2.25 


V 


No Error, Ri, = 5kG 

,miii 

-0.25 

HHI 

mi 

-0.25 


BBI 

-0.25 

BH 

V 

POWER SUPPLIES 



■1 


1 







Operating Range 


±4.75 


±18 

±4.75 


±18 

±4.75 


±18 

V 

+ Vs Quiescent Current 

U = X = 0V,Y = Vr 



10 


7.5 

10 


7.5 

10 

mA 

- V, Quiescent Current 

U = X = 0V,Y = Vr 


■ 

5 


4.0 

5 


4.0 

5 

mA 

TEMPERATURE RANGE 












Operating, Rated Performance 


-25 


+ 85 

-25 


+ 85 

-55 


+ 125 

°C 

Storage 


-65 


+ 150 

-65 


+ 150 

-65 


+ 150 

°C 


NOTES 

' Intrinsic accuracy measured at an amplitude of lOV using external adjustments to absorb residual errors in angular scaling, angular offset, amplitude scaling and output offset. 
^Using a time and amplitude symmetric triangular wave of + 3.6V peak-to-peak and external adjustments to absorb residual errors in angular scaling and offset. 

^Full-scale is defmed as the ideal output when the angle input is at either end of the limit specified. 

“^Specifications for the X inputs apply for range U = 1V to 1OV, while the Y input errors are specifically given for U = 1V. 

Specifications shown in boldface are tested on all production units at final electrical test. Results from those tests are used to calculate outgoing quality levels. 

All min and max specifications are guaranteed, although only those shown in boldface are tested on all production units. 

Shaded area denotes preliminary technical data. Contact the factory for details. 


PIN CONFIGURATION & DIMENSIONS 

Dimensions shown in inches and (mm). 


D16A 

16>Lead Ceramic Package 



1 

L_ 0.430 _j 

P (10.922) P 


T 0.040R 

1 N 

0.310 ±0.01 1 




“T T 

0.265 0.290 ±0.010 

(6.73) (7.37 ± 0.254) 

_i i 

(7.874 ±0.254) 

j_! 

1 

4 


LLJ uji—c=3—car— 

0.800 ±0.010 


0.035 ±0.01 1 

(20.32 ±0.254) 


0.125(3.175) MIN 

1 _ 



I 0.300 I 
|^(7.62)-H 


0.085(2.159) 

“T 

IL 0.010 ±0.002 

''^(0.254 ±0.05) 


X1 

[1 

- 

• 

E 

+ Vs 

X2 

E 


E 

cc 

U1 

E 


E 

w 

U2 

E 

AD639 

E 

Z1 

COM 

E 


E 

Z2 

VR 

E 


E 

GT 

Y1 

E 


E 

UP 

Y2 

E 


E 

-Vs 
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ABSOLUTE MAXIMUM RATINGS 

Supply Voltage 
Internal Power Dissipation 
Output Short-Circuit to Ground 
Input Voltages Xi, X 2 , Yi, ¥ 2 ^ 

Input Voltages Up, Ui, U 2 , Zi, Z 2 ^ 

Operating Temperature Range 
Storage T emperature Range 
Lead Temperature, Soldering 

NOTES 

*Saine as AD639A,B Specifications 
‘These inputs are purely resistive and the maximum inputs are determined by 
resistor dissipation limits, not the supply voltages. 


- sin(0) _ sin (0-0) 

- 1 " sm(90°-0) 

__ 1 . sin(90°-0) 

cosec (0-0) 

cosrei = = sin (90°-6) 

1 sm(90°-0) 

1 sin(90°-0) 

cos(0) sin (90°-0) 

cos(0) sin (90°-0) 

cotan(e) - 

^ ^ sin(0) sin(0-O) 


Tablet. 


AD639A,B 

±18V 

300mW 

Indefinite 

±12V 

±25V 

-25°Cto -b85°C 
-65Xto+150"C 
60sec, +300°C 


AD639S 

★ 

★ 

★ 

★ 

★ 

-55°Cto + 125°C 
* 

★ 


Principles Of Operation 

Figure 1 is a functional equivalent of the AD639, intended to 
assist in imderstanding and utilizing the device: it is not a hteral 
representation of the internal circuitry ^ Two similar sine-shaping 
networks accept input voltages Xi, X 2 , Yi and Y 2 , proportional 
to the corresponding angles Xi, X 2 , yi and y 2 , with a scaling 
factor of SOW (20mVr). 



+ Vs 

CC 

w 

21 

22 

GT 

UP 


-Vs 


Figure 1. Equivalent Block Schematic of the AD639 

The first of these networks generates an output proportional to 
the sine of x = (xi -X 2 ) over a useful operating range in excess of 
-- 500° to -I- 500° (see Figure 3). The accuracy of the function 
over the central ± 180° is excellent, a consequence of the optimized 
network design, further enhanced by precision laser wafer trim¬ 
ming during manufacture. The output of the X-network is 
multiplied by the amplitude-control voltage, U. This may be 

‘For details of the sine-network theory and design, see “A Monolithic Micro¬ 
system for Analog Synthesis of Trigonometric Functions and their Inverses,” 
Barrie Gilbert, IEEE Journal of Solid-State Circuits^ Vol. SC-17, No. 6, Dec. 
1982, pp 1179-1191. Reprints available. 


provided by applying inputs to Ul or U2, or pre-selected to be 
IV or lOV by a control input to UP, or in combination; that is, 
the fimction amplitude is U = (Ui - U 2 ) + Up. 

The second network generates an output proportional to the 
sine of y=(yi-y 2 )- Although the X and Y networks are similar, 
other design considerations result in a smaller angular range for 
the Y-input. The principal range is from 0° to +180°; in the 
adjacent ranges (+180° to + 360° and 0° to -180°) the error 
trap is activated. 

The ratio of the two sines is generated by implicit division, 
rather than by use of a separate analog divider as indicated in 
Figure 1, and is summed with the voltage Z = (Zi -Z 2 ). The 
difference is applied to the high-gain output op-amp. In the 
normal modes (see below) Zl is connected to the output W, and 
Z2 is grounded. Under these conditions, the function is 

^^^ sin(xi -X2) 
sin (Vi - yj) 

Either sine function can be converted to the cosine by applying 
the input to X2 or Y2 and introducing a -I- 90° offset, since 



Figure 2. Connections for the Sine Mode with Amplitude 
Preset to 10V 
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Interface Details 


cos (e) = sin(90°-e). For example, by connecting the + 1.8V 
reference output at pin 6 (VR) to XI and the angle voltage, Ve, 
to X2 the numerator becomes the cosine of angle 6. Alternatively, 
by connecting VR to either XI or Y1 and grounding X2 or Y2, 
the numerator or denominator, respectively, becomes unity, 
since sin(90° - 0) = 1. By these means, the full set of normal 
functions shown in Table I can be generated. All functions can 
be sign-inverted by interchanging the X-inputs. The Z2 input 
can be used to sum another function to the output, W, with 
unity gain. 

In addition to the normal modes providing sine, cosine, tangent, 
cosecant, secant and cotangent functions, the AD639 can generate 
the offset functions such as the versine, 1 - cos (0), discussed 
below. The inverse functions such as arc-sine, arc-cosine and 
arc-tangent, are also supported by the AD639, by closing the 
feedback loop through the corresponding normal function. The 
output angle is limited to the principal range (for example, 

-90° to +90° for the arc-sine and arc-tangent, 0° to +180° or 
-180° to 0° for the arc-cosine). 

TERMINOLOGY 

When discussing a device having as many inputs and operating 
modes as the AD639, it is important to clarify the nomenclature 
and scaling conventions. In all cases angles are denoted by lower¬ 
case letters (x, y, 0) and have the dimension of angular degrees. 
Upper-case letters (A, V, U, W, X, Y and Z) refer to voltages', 
subscripts are used to refer to one or the other of a differential 
pair such as Xi - X 2 , or the preset value Up. Numbered upper-case 
letters refer to the variable name or the package pin. 

THE ANGLE INPUTS: XI, X2, Yl, Y2 

The angles x = (xi - X 2 ) and y = (y 1 - y 2 ) are directly proportional 
to the differential voltages X = (Xi - X 2 ) and Y = (Yj - Y 2 ) re¬ 
spectively, with a scaling factor of 50°A^. The X-inputs can be 
driven to ± 12V pk, that is ±600°. The Y-input should be 
limited to 0 to + 3.6V (0° to + 180°) to satisfy certain internal 
requirements. The resistance at these inputs is nominally 3.6kn 
to COM. 

The sine function exhibits odd-order symmetry; sin( —0) = 
-sin(0). By simply interchanging the X-inputs, the overall sign 
of any function can be inverted. The Y-inputs can also be inter¬ 
changed to allow operation with a negative input voltage (0 to 
-3.6V) while maintaining the correct angular range. 

It may occasionally be desirable to reduce the angular scaling 
factor. For example, to convert a triwave of ± lOV amplitude 
into a continuous sinewave requires a scaling factor of 9°IV 
(since ± lOV corresponds to ±90°). This can be achieved by 
using a resistor (in this case, about 16.4kn) in series with the 
XI input; a resistor of equal value must be inserted in series 
with the X2 input to minimize angular offset error. Note that 
the on-chip thin-film resistors are not trimmed to absolute value, 
so a scaling adjustment is needed; however, once set, scaling 
will be stable. 

THE AMPLITUDE-CONTROL INPUTS: Ul, U2, UP 

The amplitude of the function can be determined either by the 
application of an external voltage to the Ul and U2 inputs, or 
by enabling the internal preset voltage Up by taking the control 
pin UP low or high, or via a combination of these modes. The 


net amplitude is U = (Ui -U 2 ) + Up. This sum must be greater 
than zero and less than | - Vs|; voltages beyond these limits 
activate the error trap. 

In the external mode, the differential voltage (Ui — U 2 ) will 
generally be in the range lOmV to lOV. Positive inputs are 
applied to Ul while U2 is grounded; for negative inputs, inter¬ 
change Ul and U2. The input resistance at Ul and U2 is nominally 
50kft to analog common. A nominal bias current of - 50|xA is 
needed at the U-inputs; zero-valued inputs must therefore 
be connected to common to prevent offset error. The gain 
from the U-interface to the output is trimmed to be unity for 
sin(x)/sin(y) = 1. The effective gain can be lowered using a series 
resistor; to avoid offset an equal resistor must be used in the 
zero-valued input. 

The UP control pin may be left unconnected (or grounded) to 
disable the internal amplitude preset, connected to + Vg to set 
Up= lOV, or to - Vs to set Up= IV. An external resistor of 
75kn (± Vs = 5V) to 360ka (± Vs= 15V) can be inserted in 
series with UP (which also has an input resistance of typically 
50kn) to minimize power dissipation. Alternatively, Vr can be 
used to enable Up= lOV. The UP input can be used to switch 
the output on or off under logic control, but requires a relatively 
long response time. The GT interface is more suitable for this 
purpose and it allows gating to any amplitude, U not just to the 
preset values of IV or lOV. 

THE REFERENCE OUTPUT: VR 

The voltage Vr is la^er-trimmed to + 1.8V with respect to analog 
common. It can be used to fix the angle x or y to 90° and thus 
set sin(x) or sin(y) to unity. It can also provide a 90° offset to 
convert the numerator or denominator to a cosine function. 
Stable offsets less than 90° may be introduced using a voltage-divid¬ 
ing series-resistor (nominally 3.6kn for 45°). Vr can also be used 
as the amplitude input voltage Ui - U 2 , or as a convenient control 
input to set Up= lOV. This output is short-circuit protected and 
can provide up to 4mA total load current. 

THE ERROR-TRAP AND GATE: GT 

In some applications it may be useful to know that the output is 
severely in error due to a dynamic combination of inputs. For 
example, the tangent, cotangent, secant and cosecant all exhibit 
regions where the function increases sharply for small angular 
changes, and the output may easily saturate. Consider the case 
where (lOV) tan ( 0 ) is being generated. W is lOV for 0 -45°, 
and the theoretical output of 17.3V at 0 = 60° cannot be achieved 
using ± 15V supplies. Likewise, the output is invalid whenever 
the angle y is outside of a valid range (principally 0 to + 180°), 
or when U<0 or U>1 - Vsl- Under such conditions the AD639 
generates a HIGH output at pin 11 and simultaneously clamps 
the analog output to zero (in fact, to the voltage Z 2 ). Grounding 
GT disables the error trap. 

The GT pin may also be used as an input to gate the function 
output. This is achieved by raising pin 11 to a voltage above 
+ 1.5V. Response time is typically 500ns for a logic drive of 0 
to + 2V, and the ON/OFF ratio is greater than 83dB when used 
as a continuous-wave sine converter with a single-sided ± 1.8V 
triwave drive at frequencies up to lOkHz, or 63dB at lOOkHz; 
the feedthrough is entirely capacitive, and is equivalent to 5pF 
between XI or X2 and the op-amp summing node. Feedthrough 
can be minimized by using a balanced drive to XI and X2. 
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Operation In Normal Modes 

In normal modes, the Z-input establishes a feedback path around 
the Output op-amp, by connecting Z1 to the output, W, and Z2 
to the ground associated with the load circuit. For the highest 
accuracy Z1 can be used to sense the output at the load terminals. 
Similarly, zero-valued angle inputs and the angle common (pin 
5) should be connected to the ground associated with the source 
circuitry. 

SINE MODE 

The AD639 can generate either (1) a low-distortion continuous 
sinewave from a repetitive triwave input or (2) a high-accuracy 
sine function for use in computational applications. In most 
cases, the choice of preset or externally-controlled amplitude 
will make little difference to distortion or accuracy, and both 
methods are used in this section. In all of the normal modes, the 
Z2 input can be used either to sum a further signal to the output 
(or introduce an optional output offset trim). The denominator 
is set to unity by making y = 90°, using the 4- 1.8V output. 
Figure 2 shows typical connections. The lOV preset is selected, 
using Vr as a control input to UP, and the ideal output is 
(lOV)sin(x). In practice, five basic types of error arise: 

1 . X-angle scaling error: The amount by which the angle generated 
for each volt of X-input differs from 50°. In triwave-to-sinewave 
(CW) applications this introduces odd-order harmonic distor¬ 
tion, and is indistinguishable from an incorrect triwave 
amplitude. 

2. X-angle offset error: The actual angle generated when 

X = (Xi - X 2 ) = 0. In CW applications this introduces even- 
order harmonic distortion, as a non-zero mean in the triwave 
would. 

3. Amplitude scaling error: The amount by which the peak-to-peak 
amplitude of the sinewave differs from the ideal value, U/sin(y). 
This error is usually critical only in computational applications. 
Errors associated with the Y-network also affect the amplitude 
in the sine mode. 

4. Output offset error: The amount by which the mean value of 
the sinewave differs from zero (strictly, the voltage on Z2). 
This error is only important in computational applications. 
Note that the output may also be non-zero due to angular 
offset on the X-input. For example, the typical specified X- 
angle offset of 0.1° introduces an output error of 17.45mV 
when U/sin(y) = lOV, more than three times the specified 
mean offset component of 5mV. 

5. Law-conformance error: The residual deviation between the 
output function and the ideal function when all of the above 
errors have been removed by trimming during manufacture 
or further external trimming, limiting the ultimate accuracy 
of the function. 

Figure 3 shows the function when driven well beyond the specified 
angular range, using a differential X-input of ± 18V peak. This 
also shows the AD639’s ability to drive ± 15V into a 6000 load, 
with supplies of ± 18V. Using an accurate data-acquisition system 
the output can be compared to a computer-generated sine function. 
When the first four types of errors are trimmed out, the peak 
error over the full input range is typically less than 0.5%. Over 
the central - 90° to + 90°, the peak law-conformance error is 
typically only 0.02%. Figure 4 shows the law conformance for 
four typical samples of AD639. The differential signal interfaces 
simplify the inclusion of optional offset correction to any of the vari¬ 
ables. 



Figure 3. Output Function for Peak X-Input of ± 18V, with 
U - 7514 Rl = 6000 (± Vs = 18V) 



-90° 0 +90° 


INPUT ANGLE 

Figure 4. Residual Error Over Central 180° Using External 

Trimming 

HARMONIC DISTORTION 

The AD639 can generate continuous sinewaves of Very low 

distortion using a linear, highly-symmetric triangle-wave of 

± 1.8V amplitude. Imperfections in the triwave will cause the 

following errors: 

1 . Incorrect amplitude: This causes odd-order distortion. Each 
1% error (either too large or too small) generates 0.25% of 
HD3, 0.0833% of HD5 and a total harmonic distortion (THD) 
of0.27%(-51.42dBs). 

2. Baseline offset: This causes even-order distortion’ Each millivolt 
of offset in a 1.8V triwave generates 0.037% of HD2, 0.0074% 
of HD4 and a THD of 0.038%, as well as a DC offset of 
0.055% of the output amplitude. 

3. Time-asymmetry: The run-up time, ti, and run-down time, t 2 , 
of the triwave may be unequal. This causes both odd- and 
even-order harmonics. Let the asymmetry in percent be 

p= 100(ti -t 2 )/(ti + t 2 ). The even-order terms are proportional 
to p; the odd-order terms increase as p^. A 1% time-asymmetry 
generates 0.57% of HD2, 0.00625% of HD3, 0.043% of 
HD4 and 0.00167% of HD5, and a THD of -44dBs. There 
is no DC term. 

4. Amplitude-nonlinearity: This can take on many forms, such as 
an exponential nonlinearity in the triwave, amplitude com¬ 
pression, and so on. Distortion can be calculated for various 
special cases. Fortunately, it is fairly easy to avoid these 
types of imperfections in the triwave generator using appro¬ 
priate design methods. 
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Normal Modes 


When triwave errors are minimized, harmonic distortion can be 
as low as 0.01%. Figure 5 shows the output spectrum at lOkHz, 
with an output amplitude of 20V pk-pk and a load resistance of 
lOkn. An HP3325A synthesizer/function generator was used to 
produce the triwave. Distortion rises only slightly when using 
the minimum specified load of 2kD; in fact, the AD639 can 
drive loads down to 6000. At ± V8= ± 18V, sine amplitudes of 
± 15V (10.6V rms, or 225mW of load power) can be generated, 
with typically 0.03% HD2 and HD3. ^en driving loads of less 
than 2kn, a 25pF capacitor from pin 15 to pin 9 avoids possible 
instability, although this is unnecessary when Cl is greater than 
150pF. 




VBH 10 Hz ST 52.2 SEC 


Figure 5. Spectrum of 10V Sine Output at lOkHz; 
HD2= -88dBs, HD3= -85.5dBs 


COSINE MODE 

The cosine function is generated by offsetting the sine by 90° 
using Vf. The X-input is connected to X2 and VR to XI; then 


Connections for the cosine are shown in Figure 6: the amplitude 
in this case is determined externally, by way of illustration. The 
angular range now extends from -400° to +600°, with highest 
accuracy between 0° and +180°. 


TANGENT AND COTANGENT MODES 

The tangent function is provided by the connections shown in 
Figure 7. The angle voltage, corresponding to 0, is applied both 
to the niunerator, set to the sine mode, and the denominator, 
set to the cosine of the same angle: 


sin (0 - 0) 


= U tan (0) 


Most applications require accurate operation for angles up to 
nearly ± 90° and accordingly U is preset to IV (rather than 
lOV). Under these conditions, W= IV when 0 = 45° and 11.43V 
when 0 = 85°. Using 15V supplies, the output op-amp will be 
unable to generate the tangent much beyond this point: at only 
86° it would theoretically need to reach 14.3V. For an input 
exceeding 90° in either direction the denominator becomes nega¬ 
tive, and the error trap is enabled. Figure 8 shows the function 
for inputs up to ±2.5V (±125°). 


The errors associated with the sine mode, (see above) apply to 
the tangent mode also, but the total error in the tangent, cosecant, 
secant and cotangent modes (when the Y-input is also varied) 
are higher, since the Y network is not trinuned and the angular 


Figure 6. Connections for the Cosine Mode with External 
Amplitude Control 



Figure 7. Connections for Tangent Mode with Amplitude 
Preset to IV 



Figure 8. The Tangent Output for Angle Inputs Up to 
± 125^ (Error Trap Activated Above 85°) 

scaling and offset errors of this network are absorbed during 
trimming of the output in the sine mode. 

The cotangent is generated by interchanging numerator and 
denominator. The principal range is now from 0 to +180°, and 
the output (lV)cot (0) ranges from + 11.43V at 0 = 5°, through 
zero at 0 = 90°, to - 11.43V at 0 = 175°. 
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SECANT AND COSECANT MODES 

In secant and cosecant modes, the numerator is fixed to unity 
by connecting XI to VR and X2 to analog common. For the 
secant, angle voltage A is connected to Y2 and Y1 is tied to VR; 
then 


W = U 


sin(90°-0) 
sin(90° - 0) 


= U 


_1 _ 

cos (0) 


= U sec (0) 


The principal range is - 90® to + 90®. The most practical amplitude 
scaling is provided using the U-preset of IV, when the output 
ranges from + 11.47V at 0= -85® and +85®, to + IV at 0 = 0. 
The cosecant differs only slightly: the angle input is connected 
to Y1 and Y2 is connected to analog common, making the de¬ 
nominator sin (0). The principal range is now 0 to +180®. When 
U = IV the output is +11.47V at 0 = + 5® and + 175®, and + IV 
at 0 = 90®. 


OFFSET MODES 

The versine, vers (0)= 1 - cos (0), coversine, covers (0) = 

1 - sin (0), and exsecant, exsec (0) = 1 - sec (0) involve the addition 
of a constant term to one of the normal trigonometric functions. 
These can be generated with the AD639 using the Z2 input to 
add a voltage to the output proportional to the amplitude of the 
basic function. In the versine and coversine modes this is simply 
the same voltage as applied to U1 (U2 grounded) to set up 
the amplitude of the sign-inverted cosine or sine function, 
respectively: 

W = U-Uf (0) = U(l-f (0)) 

In these two modes the output starts at zero and has a peak 
value of twice the amplitude voltage, U. 

For the exsecant a negative voltage is added at Z2 and this same 
voltage is applied to U2 with U1 grounded; this satisfies the 
requirement that the sign of Ui —U 2 be positive. (See comments 
on the Amplitude Control Inputs). The angle inputs are set up 
for the secant; the principal range is still - 90® to + 90®, but the 
output is now zero when the input angle is zero. 

OPERATION AT LOW SUPPLY VOLTAGES 

The signal ranges at the angle interfaces are essentially independent 
of the supply voltages. In almost all cases, the primary limitation 
to the function’s range will arise at the output, W, which can 
swing to within approximately 2V of either supply. For example, 
the X-input may have a peak value of ± 12V (± 600®) even 
when using ± 5V supplies. 

Inverse Function Modes 


The AD639 generates the inverse trigonometric functions by 
closing the feedback loop around the output op-amp through 
the angle inputs, rather than through the Z-interface, resulting 
in a nonlinear feedback system. To understand this, note first 
that the general transfer function (with UP disabled) is 


W = Aol 


(U1-U2) 


sin (xi — X 2 ) 
sin (yi-y 2 ) 


-(Z1-Z2) 


where Aql is the open-loop gain of the output op-amp (typically 
85dB). Provided that the overall feedback remains negative, the 
loop can be closed in many ways, so as to force the quantity 
inside the brackets to a null, when 


sin (xi-X 2 ) ^ (Z 1 -Z 2 ) 

sin(yi-y 2 ) (U1-U2) 


whatever combinations of variables are used to set up the feedback 
path. In particular, when the angle inputs are used the system 
will have one of the normal functions in the feedback path. The 
input to this system is now the ratio (Z/U), and the output is a 
voltage corresponding to the angle generated by the inverse of 
the function in the feedback path. 

Since all of the normal functions are periodic, and the maximum 
value of the op-amp output can be equivalent to angles as large 
as ± 650®, the closed-loop system could arrive at false “solutions” 
to the above equation, that is, at angles outside of the principal 
range. Also, the feedback can become positive in the wrong 
angular range, causing latch-up. Hence, it is essential to limit 
the magnitude of the feedback voltage. Ideally, this is done 
using precise active clamps, but the saturated value of the output 
at given supply voltages, in combination with a simple resistive 
divider to the angle inputs, is usually sufficient to limit operation 
to the principal range. The voltage at the angle inputs will be 
accurate, but the op-amp output will in general have inaccurate 
scaling and may show large offsets, due to the bias currents at 
the angle inputs. The error-trap should be disabled in the inverse 
modes by grounding GT. 


ARCTANGENT MODE 

The arctangent is the most useful of the inverse modes. With 
the connections shown in Figure 9 the loop solves the equation 


sin (0 - 0) 
sin (90®-0) 


= - tan (0) = 


(Z1-Z2) 

(U1-U2) 


where 0 is the angle corresponding to voltage A, scaled by 50®A^. 
It follows that 


0 = tan ^ 


(Z2-Z1) 

(U1-U2) 


The reversal of Zi and Z 2 in the numerator is due to the negative 
sign in the tangent function. The numerator may be either 
positive or negative, and the connections can be interchanged to 
alter the overall sign of the function. The denominator must be 
positive, but Ul and U2 may be interchanged to accept a negative 
input voltage. The ability of the AD639 to form the ratio of two 


Rr 



Figure 9. Connections for the General Arctangent Mode 
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Inverse Modes 


variables prior to the arctangent operation is very useful in 
many applications, for example, in real-time Cartesian-to-polar 
conversion (see Applications section). The denominator can also 
be preset to IV or lOV using the UP input; when U = IV, the 
angle a is simply the arctangent of the voltage value of Z 2 -Z 1 . 
Figure 10 shows an X-Y plot of the output for Z = - lOV to 
+ lOV (horizontal axis of photograph) with four values of U 
(0.3V, IV, 3V, lOV). 



Figure 10. The Arctangent Output for Z= ± 10V and 
U = 0.3V, 714 3V and 10V 

Range-Limiting and Loading 

Resistor Rf in Figure 9 forms a divider with the parallel sum of 
the input resistance at X2 and Y2 and the load resistance, shown 
here as 2kn, which prevents the output angle voltage A from 
exceeding ± 1.7V ( 6 = ±85°), using ± 15V supplies. This voltage 
is not directly affected by the load resistance (that is, the output 
behaves as a low-impedance node) but the angular range limits 
are. Consequently, the nominal value of Rf should be calculated 
for specific values of load resistance, angular range and supply 
voltages, and a trim range of about ± 10 % included to set up 
the angle limits correctly. R„o is needed to compensate the input 
bias currents and thus equalize the clipping limits; it does not 
cause an offset in 0 . The direct output at pin 14 is also the 
arctangent but with imprecise scaling. Although this can be 
trimmed by Rf there will also be a supply-dependent offset due 
to Ros- For these reasons, the direct output should not be used 
in this mode. 

HF Compensation 

The output op-amp is internally compensated to be stable in all 
the normal modes when feedback is via the unity-gain difference 
amplifier associated with the Z-interface. The dominant pole is 
determined by the 30kfl resistor and on-chip 3.5pF capacitor 
(see Figure 1) for a closed-loop bandwidth of 1.5MHz. In the 
arc-tangent mode, however, the gain of the feedback path is 
much greater than unity for practical angle values and is theoreti¬ 
cally unbounded. For example, if the forward path is set up to 
generate (lV)tan(0), the incremental gain near 0 = 0 is slightly 
less than unity (since a 20mV change in voltage A causes a 
change of (IV)tan(r) or 17.5mV in output W) but at 0 = 85° the 
gain is 115. While the resistive divider used to limit the angle 
voltage A will lower the loop gain, it can still exceed unity. The 
capacitors Cc and Cm in Figure 9 provide the HF compensation 
required for operation up to ± 85°, with all values of U. 


ARCSINE AND ARCCOSINE MODES 

The basic principles for the arcsine and arccosine are similar to 
those described for the arctangent. As before, the argument of 
the function is the ratio (-Z/U), where U may be preset to IV 
or lOV, the loop gain must be negative over the principal angular 
range of the output, and the feedback voltage must be limited 
to ensure that this range is not exceeded. The loop stability is 
easier to ensure, since the peak gain is bounded. With U = lOV 
the maximum incremental gain of the forward path (at 0 ° for 
the sine and +90° for the cosine) is 8.75 and the peak loop gain 
is much less than this because of the attenuation used to limit 
the angular range. Thus relatively little additional HF compen¬ 
sation is required. 

Connections for the arcsine are similar to the arctangent (Figure 
9) except that Y2 is grounded, and Cc and Cm can be reduced or 
even omitted. Rf is adjusted for a peak angular range of ±90° at 
the (attenuated) output; if too high, the function will still be 
correct, but the maximum angle will be less than 90°; if too 
low, the function will exhibit hysteresis near the peak output. 
Adjustments will be needed for other values of load resistance 
and supply voltages. Note that the general limitation on the 
amplitude input (U< = | - Vs|) must be observed. Figure 11 
shows an X-Y plot of the arcsine output for Z = - lOV to + lOV 
(horizontal axis of photograph) with three values of U (2V, 5V 
and lOV). The arcsine can be inverted by reversing the 
Z-interface. 



Figure 11. The Arcsine Output for Z= ± 10V and U = 2V, 
5V and 10V 

For the arccosine, use the arcsine connections with XI tied to 
Vr and insert a small-signal diode in series with Rf, having its 
cathode on the angle-interface side. This allows the output to 
move only in a positive direction. Z1 now becomes the positive 
numerator input, and the principal range is from 0° (when 
Z/U = — 1) to + 180°. The function is similar in appearance to 
the arcsine, except for the + 90° output pedestal and the reversal 
of phase along the horizontal axis. Note that 

cos-^(Z/U) = 90° - sin-^(Z/U) = 90° + sin-^ - Z/U). 

To generate the negative arccosine, reverse the X- and Z-interfaces 
and the polarity of the diode. The output now runs from - 180° 
for an input of Z = (Zi - Z 2 ) = - lOV (with U = lOV) to 0° at 
Z=+10V. 

It is strongly recommended that X-Y oscilloscope methods are 
used to investigate functional behavior during the development 
of any of these modes of operation: time-domain displays can 
easily become confusing. 
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Applications 

WIDE-RANGE WAVEFORM GENERATOR 

Figure 12 shows an inexpensive signal generator, providing 
voltage control of frequency from 20Hz to 20kHz and a pre-set 
sine amplitude of 2.8V (within O.ldB of 2V rms). This output 
may be further modulated by an input of up to ±2.8V to U2, 
or gated off by an input of + 1.5V or more to GT; Figure 13 
shows the gated response. If required, a further input can be 
summed into Z2. The sine output can be set to lOV amplitude 
by connecting UP to VR and grounding Ul. 

An AD654 is used to generate the triwave which appears across 
the timing capacitor Q, and is buffered, amplified and level-shifted 
by A1 and A2. Using a spectrum analyzer, P3 and P4 are adjusted 
to minimize even- and odd-harmonic distortion, respectively. 
The triwave linearity is not good enough to realize the inherent 
capabilities of the AD639, but total harmonic distortion is in the 
~ SOdB to - 60dB range. A3 provides further gain for a ± lOV 
triwave output. The square-wave output is taken directly from 
the AD6S4 and is unbuffered. It swings between ground and 
+ 15V; if pins 2 and 5 of the AD654 are connected to - 15V, 
this output is 30V pk-pk. 

The frequency scaling with the linear input (shown) is lOkHzA^, 
calibrated using PI. The frequency can be controlled manually, 
using a potentiometer and the Vr output of the AD639. PI has 
sufficient trim range to provide a full-scale frequency of 20kHz 
with the 1.8V peak input. The alternative input scheme pro¬ 
vides a “log-sweep” response with an approximate scaling of 
10^ kHZ (when V is in volts). The range is now from about 
lOHz to lOOkHz; the frequency should be set to IkHz with 
V=0, using P2. The frequency is now sensitive to variations in 



Figure 13. Gated Output Top Trace: 0 to +2V Gate Input 
Bottom Trace: 2V rms Gated Sine Output 

both temperature and the + 15V supply, but stability will be 
adequate for many applications. 

Frequency Multiplication 

Because of the exceptionally wide angular range of the numerator 
function of the AD639, it is possible to generate sinewave outputs 
with 2, 3, 4 or 5 times the triwave frequency using the cosine 
mode for even multiples or the sine mode for odd multiples.^ 

For example, to multiply the output frequency by 3, use the 
sine function with the X-input driven to ±5.4V (±270°). Dis¬ 
tortion remains low; all harmonics are typically under - 50dBs, 
even for the frequency-quintupling mode. 


^For full details see “A Remarkable Monolithic Microsystem Generates 
Trigonometric Functions,” Barrie Gilbert, Industrial Electronics Equipment 
Design^ September 1984, pp. 19-24. Reprints available. 
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Figure 14. Four-Quadrant Sine Multiplier; for Cosine, 
Interchange XI and X2 and Connect Angle 'Lo' Input to VR 


FOUR-QUADRANT SINE/COSINE MULTIPLICATION 

In synchro applications it is often necessary to multiply an AC 
sinusoidal ‘carrier’ by a further sine ‘modulation’ function. This 
can be achieved in two ways; the first is suitable only when 
there is a large ratio between the carrier frequency and the 
modulation frequency. Using a single AD639, the carrier input 
Asin(cot) is applied to U2, and a DC bias voltage estabhshed on 
U1 (which can be provided by a series resistor connected to 
-f Vs). The modulation input, x, is applied to angle inputs 
connected for - sin(x). The output is then W = - sin(x) 
(Ui-Asin((i)t)). Using AC-coupling to the load, the voltage 
Asin(x)sin(a)t) results. Since the peak value of W is (Ui + A), a 
maximum of about 6V amplitude can be achieved before output 
saturation. A further limitation of this approach is that the AC- 
cQuphng may allow excessive transmission of the sine modulation 
function. However, with typical values of 400Hz for the carrier 
and lOHz for the upper modulation frequency, this simple 
approach is practical. Cosine modulation is similarly achieved. 

An alternative method is DC-coupled and thus imposes no 
frequency-ratio limitations; it also allows an input/output 
amplitude of up to 12V. Two AD639s are used (Figure 14), the 
second having both the X- and U-interfaces phase-inverted 
relative to the first, and the two outputs are summed. The 
figure shows a general bipolar input, A, apphed to the U-inputs. 
The first device generates Asin(x) when A is positive and zero 
when A is negative. The second device generates -Asin(x) 
(actually Asin( - x)) when A is negative and zero when A is 
positive. The instantaneous sum of the two half-sines is Asm(x). 
The switching speed of the U-interface is adequate to handle a 
sinusoidal input A = (10V)sin(a)t) at frequencies up to at least 
IkHz, without significant crossover distortion. In synchro appli¬ 
cations errors as small as 5 arc-minutes can be achieved. 

Polar-to-Cartesian Conversion 

Using a pair of AD639s connected as shown in Figure 14, and a 
second pair connected similarly for the cosine function, a vector 


of magnitude A and angle x can be resolved into its orthogonal 
components Asin(x) and Acos(x), with unrestricted operation in 
all quadrants and very high accuracy. 

Cartesian-to-Polar Conversion 

A point Z,U in a plane can be converted to a magnitude component, 
A, and an angle component, 0. A suitable vector summation 
circuit can be found in the AD637 data sheet. The AD639 in 
the arctangent mode can provide the angle output 0 = tan~\Z/U). 
If U is bipolar, an absolute-value circuit using an AD630 should 
be added. 

Sine/Cosine (Quadrature) Oscillators 

Quadrature oscillators generate a pair of sinusoudal outputs 
displaced by 90°, and invariably are based on a “state-variable” 
loop consisting of two integrators and a sign-inverter. Practical 
difficulties in this approach are (1) considerable additional circuitry 
is required to control the amplitude of the oscillation; (2) a 
trade-off arises between the settling-time of this control circuitry 
and the distortion level, particularly troublesome at low fre¬ 
quencies; (3) the amphtude balance of the two outputs is dependent 
on the matching of two time-constants; (4) two tracking analog 
multipliers or multiplying DACs are needed if the frequency is 
to be programmable. 

These problems are avoided using a function-shaping technique 
based on a triwave oscillator, which requires only one time-con¬ 
stant, and whose frequency can thus be more easily controlled. 
The need for an amplitude control system is eliminated using 
the scheme shown in Figure 15. The two outputs have accurate 
amplitudes of lOV (without the need for an external reference 
source) or can be individually controlled by external voltages, 
without any effect on frequency. Variable-amplitude sine and 
cosine outputs can be added (using the Z-input discussed earlier) 
to provide continuously-variable phase-control of the output. 
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Figure 15. Quadrature Oscillator 


The triwave oscillator comprises an AD630, which alternates the 
sign of the 1.8V reference from one of the AD639s to generate a 
square-wave output of ± 1.8V amplitude, and an integrator 
formed by Rl, Cl and the op-amp, which generates the triwave. 
The amplitude of the triwave is determined by the ratio of R3 
and R4, and is nominally ± 1.845V, 2.5% higher than needed at 
the inputs of the AD639s, providing the adjustment range needed 
to minimize distortion. In many applications, all adjustments 
can be eliminated; to do this, make R3 = R4 = 5kn, omit P2, 

P4, R5 and R7 and replace PI, P3, R6, and R8 with short 
circuits. The frequency is nominally l/4CiRi, and is IkHz with 
the component values shown. A variety of methods may be used 
to provide external control of frequency, including the use of 
another AD630 in series with Rl, or the use of a multiplying 
DAC. 




Figure 17. Timing Relationships Between All Outputs of 
the Quadrature Oscillator 



Figure 16. Top Waveform: Difference Voltage Between 
Triwave and Squarewave. Bottom Waveform: Resulting 
Output 

The sine output is generated using the triwave directly. PI and 
P2 should be adjusted using a spectrum analyzer for minimum 
odd-order and even-order harmonics, respectively. The cosine 
output is generated by using the difference between the triwave 
and the square-wave, shown in the upper waveform in Figure 
16. This composite voltage first generates a sine-function over 
the range 0 to +180°, then over the range 0 to -180°, to produce 
the function shown in the lower waveform, which can be seen 
to be 90° out of phase with the triwave. The complete set of 
waveforms available from this generator are shown in Figure 17. 


Figure 18. Spectrum of Cosine Output at 1kHz 

P3 and P4 are adjusted for minimum odd-order and even-order 
cosine harmonics, respectively; Figure 18 shows the cosine 
spectrum for a well-adjusted circuit. 

Due to the finite transition time back to the baseline in the 
drive voltage to the cosine generator, a brief spike occurs at the 
zero-crossing of this output. The frequency components will be 
beyond the bandwidth of the output amplifier in the AD639, 
and the energy contained in these spikes will not generally be 
troublesome. They may be further reduced, if necessary, by 
adding a capacitor between pins 14 and 15, to roll off the AD639 
output response. 
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ANALOG 

DEVICES Low Power Precision Duai BIFET Op Amp 


AD648 


FEATURES 

Improved Replacement for LF442 
Low Quiescent Current: 400pA max 
Low Input Bias Current: lOpA max, Warmed-Up 
(AD648C) 

Low Offset Voltage: 250p.V max (AD648C) 

Low Drift: 2|tVrC max (AD648C) 

Low Noise: 2pV p-p, 0.1 to 10Hz 
AC Specs: I.SV/ps Slew Rate, 1MHz Unity 
Gain Bandwidth 

Available in Plastic, Hermetic CERDIP and 
Hermetic Header Packages 
MIL-STD-883B and Plus Parts Available 


PRODUCT DESCRIPTION 

The AD648 is a low power, dual precision monolithic operational 
amplifier. It is fabricated with ion-implanted FET and laser 
wafer trimming technologies and offers both low bias current 
(25pA max, warmed-up) and low quiescent current (400|xA 
max). 

The economical J and A grades have a maximum guar^t^^O, 
offset voltage of less than 2mV and an offset voltage dri^ S lfess 
than 20|xV/°C. This level of dc precision is achieved udhzing 
Analog’s exclusive laser wafer drift trimming proems. The c|0]^. " 
bination of low quiescent current and low offset drift inrhiiha|es 
changes in offset voltage due to self-heating effects* Four addHiohal 
grades are offered, which provide increased perfonhancC t)ver 
the commercial, industrial and military temperature ranges, q 

The AD648 is recommended for any op amp application requifiDg: 
low power and excellent dc and ac performance. Battery-powered, 
precision instrument front ends and CMOS DAC buffers will 
benefit from this device’s excellent combination of low offset 
voltage and drift, low bias current and low 1/f noise. High common 
mode rejection (80dB, min on the “B” and “C” versions) and 
high open-loop gain ensures better than 12-bit linearity in high 
impedance buffer applications. 

Devices are pinned out in a standard op amp configuration and 
are available in six performance grades. The AD648J and AD648K 
are rated over the commercial temperature range of 0 to + 70°C. 
The AD648A, AD648B and AD648C are rated over the industrial 
temperature range of - 25°C to + 85°C. The AD648S is rated 
over the military temperature range of -55°C to + 125°C, and 
is available processed to MIL-STD-883B, Rev. C. Devices are 
available in an 8-pin CERDIP, a plastic Mini-DIP or a TO-99 
metal can. 


AD648 PIN CONFIGURATION 




PRODUCT HIGHLIGHTS 

1. A coniibination of low supply current, excellent dc and ac 
per&mance and low drift makes the AD648 the ideal op 
high performance, low power applications. 

^^v jHn compatible with industry standard op amps such as the 
\ LF442 md the AD642, the AD648 enables designers to 

ihSprovlii performance while achieving a reduction in power 
dissipation of up to 85%. 

'1^. Guaranteed low offset voltage (2mV max) and drift (20|xV/°C 
max) are achieved utilizing Analog Devices’ Laser Wafer 
0rift Tlttuming (LWDT) Technology, eliminating the need 
fc»: external trimming. 

"Analog Devices specifies each device in the warmed-up con- 
' dition, thus insuring that the device will meet its published 
specifications in actual use. 


NEW PRODUCTS - ICs 3-135 





(@ +25°C and ¥$ = ±t5V dc unless odienwise specified) 



AD648J/A/S 

AD648K/B 

AD648C 

r—^- 

Model 

Min T]rp Max 

Min T]fp Max 

Min Typ Max 

Units 

INPUT OFFSET VOLTAGE^ 





InitM Offset 

2 

0.5 

0.25 

mV 

Input Offset Voltage vs. Temp 

20 

5 

2.0 

pV/°C 

Input Offset Voltage vs. Supply, 





Tmin Tma* 

200 

100 

100 

dB 

INPUT BIAS CURRENT 





Either Input^, CMV = 0 

10 25 



pA 

Offset Current 

5 



pA 

INPUT IMPEDANCE 





Differential 


10*2||6 


ftllpF 

Common Mode 


10'16 


ftllpF 

INPUT VOLTAGE RANGE 





Differential^ 

±20 

±20 

±20 

V 

Common Mode 

±10 ±12 

±10 ±12 

±10 ±12 

V 

Common Mode Rejection 

80 

80 

80 


INPUT VOLTAGE NOISE 





Voltage O.lHz to lOHz 

2 

2 

2 

jxVp-p 

f= IkHz 

35 

35 

35 

nV/VHz 

FREQUENCY RESPONSE 





Unity Gain Small Signal 

1.0 

1.0 

1.0 

MHz 

Full Power Response 

30 

30 

30 

kHz 

Slew Rate, Unity Gain 

1.8 

1.8 

1.8 

V/^is 

Settling Time to ± 0.01% 

8 

8 

8 

^s 

OPEN LOOP GAIN'* 





Vo=±10V,RL=10kn 

100 

100 

100 

dB 

TmintoT««,RL = 10kft 

100 

100 

100 

dB 

Vo=±10V,RL = 5kft 

86 

86 

86 

dB 

MATCHING CHARACTERISTICS^ 

■IHBH 




Input Offset Voltage 


0.5 

0.25 

mV 

Input Offset Voltage, Tmin to Thmx 


5 

2 

jiV/°C 

Input Bias Current 


10 

10 

pA 

Cross Talk 


-124 

-124 

dB 

OUTPUT CHARACTERISTICS 





Voltage @ Rl = lOkft, Tmin to Tm** 


±11 ±13 

±11 ±13 

V 

Short Circuit Current 


25 

25 

mA 

POWER SUPPLY 





Rated Performance 

±15 

±15 

±15 

V 

Operating 

±4.5 ±18 

±4.5 ±18 

±4.5 ±18 

V 

Quiescent Current 

300 400 

300 400 

300 400 

|xA 

TEMPERATURE RANGE 





Operating, Rated Performance 





Commercial (0 to + 70“C) 

AD648J 

AD648K 



Industrial (- 25°C to + 85°C) 

AD648A 

AD648B 

AD648C 


MiUtary(-55“Cto+125°C) 

AD648S 

' 



Storage 

-65 -1-150 

-65 +150 

o 

+ 

1 

°C 

PACKAGE OPTIONS 

J Grade: Plastic (N8A) 

K Grade: Plastic (N8 A) 




AGrade:CERDIP(Q), 

B Grade: CERDIP(Q), 

C Grade: Cerdip (Q), 



TO-99 Style (H08B) 

TO-99 Style (H08B) 

TO-99 Style (H08B) 



S Grade: CERDIP(Q), 





TO-99 Style (H08B) 





NOTES 

^Input Offset Voltage specifications are guaranteed after S minutes of operation at Ta = + 2S°C. 

^Bias Current specifications are guaranteed maximum at either input after 5 minutes of operation at Ta = + 25°C. 
For higher temperatures, the current doubles every 10°C. 

^Defined as voltage between inputs, such that neither exceeds ± lOV from ground. 

^Open Loop Gain is specified with Vqs both nulled and unnulled. 

^JMatching is defined as the difference between parameters of the two amplifiers. 

Specifications subject to change without notice. 

Specifications shown in boldface are tested on all production units at final 
electrical test. Results from those tests are used to calculate outgoing quality 
levels. All min and max specifications are guaranteed, although only those 
shown in boldface are tested on all production units. 
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ANALOG 

DEVICES 


Monolithic Synchronous 
Voltage-to-Frequency Converter 

~ AD651 


FEATURES 

Full-Scale Frequency (Up to 2MHz) Set by External 
System Clock 

No Critical External Components Required 
Extremely Low Linearity Error (0.005% max at 100kHz 
FS, 0.02% max at 2iyiHz FS) 

Low Drift (25ppm/X max) 

Dual or Single Supply Operation 
Voltage or Current Input 
Low Cost 


AD651 PIN CONFIGURATION 


PRODUCT DESCRIPTION 

The AD651 Synchronous Voltage-io-Frequency Converter (SVFC) 
uses a variation of the popular charge-balancing technique to 
perform the conversion function. The AD651 uses an external 
clock to define the full-scale output frequency, rather than 
relying on the stabiUty of an external one-shot capacitor. The 
result is a more stable, more linear transfer function, with sig¬ 
nificant application benefits in both single- and multi-channel 
systems. 

/ 

The AD651 is a powerful building block for precision analo^to- 
digital conversion, offering typical nonlinearity of ’ 

maximum) at a lOOkHz output frequency. The inh^l^^%/^%, 
monotonicity of the transfer function and wide ra^^^g%|:r8ck 
frequencies allows the conversion time re^luji^ to be 
optimized for specific applications,;'"'. 

Gain drift is minimized usin^ a l6w-dr}|t:||u^rf^%iir 

reference and low-TC on-chip diin-film scalji^ ^sistor^^ Fur¬ 
thermore, the initial gain erroi^ is reduj^d fklti 0.5% 

the use of laser-wafer-trimming. 

The analog and digital sections of the AD651 have been'^^ned 
to allow operation from a single-ended power source, simjplifying 
its use with isolated power supplies. 



PRODUCT HIGHLIGHTS 

1. The use of an external clock to set the full-scale frequency 
allows the AD651 to achieve linearity and stability far superior 
to any other monolithic VFC. By using the same clock to 

AD651 and (through a suitable divider) also set the 
' i|qitthting period, conversion accuracy is maintained indepen- 
^^^knt of variations in clock frequency. 

2 . The Ai>651 Synchronous VFC requires only a single external 

noncritical integrator capacitor) for operation. 

click input of the AD651 is TTL and CMOS compatible 
.^.,^'nd can also be driven by sources referred to the negative 
power supply. The flexible open-collector output stage provides 
Efficient current sinking capability for TTL and CMOS 
as well as optical couplers and pulse transformers. A 
capacitor-programmable one-shot is provided for selection of 
^ optimum output pulse width for power reduction. 

4. The AD651 can also be configured for use as a synchronous 
FA»^ converter for isolated analog signal transmission. 


The AD651 is available in three performance grades. The 16-pin 
cerdip-packaged AQ and BQ grades are specified for operation 
over the ~ 25°C to + 85°C industrial temperature range, and the 
AD651SQ is available for operation over the full -55°C to 
+ 125°C extended temperature range. 
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SPECIFICATIONS OlipiGal@T«= +^,Vs= ±1SV, unless oUnraise noted) 



AD651AQ/SQ 
Mill Typ 

Max 

AD651BQ 

Min Typ 

Max 

Units 

VOLTAGE-TO-FREQUENC Y MODE 








Gain Error 





HI 



fouT=100kHz 


±0.5 

±1 



±0.5 

% 

fouT = 500kHz 


±0.5 

±1 


bh 

±0.5 

% 

fojjf ~ 2A4Hz 


±0.5 

±1.5 


±0.25 

±0.75 

% 

Gain Drift ^ 








fouT=100kHz 


±25 

±50 


±15 

±25 

ppm/°C 

fouT = 500kHz 


±25 

±50 


±15 

±25 


fouT ~ 2 MHz 


±25 

±75 


±15 

±50 


Power Supply Rejection 


0.001 

0.01 


0.001 

0.01 

%/V 

Linearity Error 








fouT= lOOkHz 


±0.002 

±0.02 


±0.002 

±0.005 

% 

four = 500kHz 


±0.002 

±0.02 


±0.002 

±0.005 

% 

four” IMHz 


±0.01 

±0.02 


±0.002 

±0.005 

% 

four = 2MHz 


±0.02 

±0.05 


±0.01 

±0.02 

% 

Offset^ 


±1 

±4.5 


± 1 

±2.5 

mV 

(Transfer Function, RTI) 








Offset Drift 


±10 

±50 


±10 

±30 

JJI.V/°C 

FREQUENCY-TO-VOLTAGE MODE 








Gain Error 








fiN=100kHzFS 


±0.5 

±1 


±0.25 

±0.5 

% 

Linearity Error 








fiN=100kHzFS 


±0.002 

±0.02 


±0.002 

±0.01 

% 

Input Resistor 

19.8 

20.0 

20.2 

19.8 

20.0 

20.2 

ka 

Temperature Coefficient 

1 

±20 

±50 


±20 

±50 

ppm/°C 

INTEGRATOR OP AMP 








Input Bias Current 








Inverting Input (Pin 5) 


±8 

±20 


±8 

±20 

nA 

Noninverting Input (Pin 6) 


40 

100 


40 

100 

nA 

Input Offset Current 


40 

120 


40 

120 

nA 

Input Offset Voltage , 


±1 

±4 


±1 

±2 

mV 

Open Loop Gain 


86 



86 


dB 

Common Mode Input Range 

-10 


10 

-10 


10 

V 

Output V oltage Range 

-1 


( + Vs-4) 

-1 


( + Vs-4) 

V 

(Referred to Pin 6, Ri> - 5k) 








COMPARATOR 








Input Bias Current 


0.5 

5 


0.5 

5 

}xA 

Common Mode Voltage 

-Vs + 4 


+ Vs-4 

-Vs + 4 


-f-Vs-4 

V 

CLOCK INPUT 








Maximum Frequency 

4 

5 


4 

5 


MHz 

Threshold Voltage 


1.4 



1.4 


V 

T -T 

^ nun ^ max 

0.8 


2.0 

0.8 


2.0 

V 

(Referred to Pin 12) 








Input Current 








(-Vs<Vclk< + Vs) 


5 

20 


5 

20 

fxA 

Voltage Range 

-Vs 


+ Vs 

-Vs 


+ Vs 

V 

OUTPUTSTAGE 








Vol(Iout= 10mA) 



0.4 



0.4 

V 

loL 








Vol<0.8V 



15 



15 

mA 

VoL<0.4V,T™n-Tn^ 



8 



8 

mA 

loH (Off Leakage) 


0.01 

10 


0.01 

10 

pA 

Delay Time, Positive Clock Edge to 

100 

150 

200 

100 

150 

200 

ns 

Output Pulse 








Fall Time (Load = 500pF and Isink = 5mA) 


100 



100 


ns 

Output Capacitance 


5 



5 


pF 

OUTPUT ONE-SHOT 








Pulse Width 








Cos 300pF 

1 

1.5 

2 

1 

1.5 

2 

p.s 

Cos ^ 1 OOOpF 

4 

5 

6 

4 

5 

6 

|JIS 
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Min 

AD651AQ/SQ 

Typ 

Max 

Min 

AD651BQ 

Typ 

Max 

Units 

REFERENCE OUTPUT 








Voltage 

5.4 

6.8 

8.2 

5.4 

6.8 

8.2 

V 

Drift 


50 

100 


25 

50 

ppm/°C 

POWER SUPPLY 








Rated Voltage 


±15 



±15 


V 

Operating Range 








Dual Supplies 

±6 

±15 

±18 

± 6 

±15 

±18 

V 

Single Supply (- V^ = 0) 

+ 12 


+ 36 

+ 12 


+ 36 

V 

Quiescent Current 


±9 

±15 


±9 

±15 

mA 

Digital Common 

-Vs 


+ Vs-4 

-Vs 


+ Vs-4 

V 

Analog Common 

-Vs 


+ Vs 

-Vs 


+ Vs 

V 

TEMPERATURE RANGE 








Specified Performance 








“Q” Package 

-25 


+ 85 

-25 


+ 85 

°c 

“SQ” Grade 

-55 


+ 125 




°c 


NOTES 

‘Gain Drift is the average drift from T^jn to and is measured at + 25°C, T^jn and T^ax- 

^Offset is guaranteed adjustable to zero using a 20K potentiometer on pins 2 and 3 with the wiper 
connected to + Vs through a 2 50k resistor. 

Specifications in boldface are 100% tested at final test and are used to measure outgoing quality levels. 
Specifications subject to change without notice. 


ABSOLUTE MAXIMUM RATINGS 

Total Supply Voltage +Vsto - Vs.36V 

Maximum Input Voltage (Figure 6).36V 

Maximum Output Current (Open Collector Output) . . 50mA 

Amplifier Short Circuit to Ground.Indefinite 

Storage Temperature Range: Cerdip .... — 65°C to + I50®C 


ORDERING GUIDE 

Gain 

Drift Specified 

Part ppm/®C IMHz Temperature 

Number lOOkHz Linearity % Ranged Package 

AD651AQ 50 max 0.02 max -25 to+85 Cerdip 

AD651BQ 25 max 0.005 max -25 to+85 Cerdip 

AD651SQ 50 max 0.02 max - 55 to + 125 Cerdip 


OUTLINE DIMENSIONS 

Dimensions shown in inches and (mm). 


“Q” PACKAGE 
16-Pm CERDIP 



LEAD NO 1 IDENTIFIED BY DOT OR NOTCH 


DEFINITIONS OF SPECIFICATIONS 


GAIN ERROR - The gain of a voltage-to-frequency converter 
is that scale factor setting that provides the nominal conversion 
relationship, e.g. IMHz full scale. The “gain error” is the dif¬ 
ference in slope between the actual and ideal transfer functions 
for the V-F converter. 


LINEARITY ERROR - The “linearity error” of a V-F is the 
deviation of the actual transfer function from a straight line 
passing through the endpoints of the transfer function. 
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THEORY OF OPERATION 

A synchronous VFC is similar to other voltage-to-frequency 
converters in that an integrator is used to perform a charge-balance 
of the input signal with an internal reference current. However, 
rather than using a one-shot as the primary timing element 
which requires a high quality and low drift capacitor, a synchronous 
voltage-to-frequency converter (SVFC) uses an external clock; 
this allows the designer to determine the system stability and 
drift based upon the external clock selected. A crystal oscillator 
may also be used if desired. 

The SVFC architecture provides other system advantages besides 
low drift. If the output frequency is measured by coimting 
pulses gated to a signal which is derived from the clock, the 
clock stability is unimportant and the device simply performs as 
a voltage controlled frequency divider, producing a high resolution 
A/D. If a large number of inputs must be monitored simultaneously 
in a system, the controlled timing relationship between the 
frequency output pulses and the user supplied clock greatly 
simplifies this signal acquisition. Also, if the clock signal is 
provided by a VFC, then the output frequency of the SVFC 
win be proportional to the product of the two input voltages. 
Hence, multiplication and A-to-D conversion on two signals are 
performed simultaneously. 

The pinout of the AD651 SVFC is shown in Figure 1. A block 
diagram of the device configured as a SVFC, along with various 
system waveforms, is shown in Figure 2. 



COMP REF 


ANALOG GND 

DIGITAL GND 

FREQ OUT 

CLOCK INPUT 

Cos 


Figure 7. AD651 Pin Configuration 

Figure 2 shows the typical up-and-down ramp integrator output 
of a charge-balance VFC. After the integrator output has crossed 
the comparator threshold and the output of the AND gate has 
gone high, nothing happens until a negative edge of the clock 
comes along to transfer the information to the output of the D- 
FLOP. At this point, the clock level is low, so the latch does 
not change state. When the clock returns high, the latch output 
goes high and drives the switch to reset the integrator. At the 
same time the latch drives the AND gate to a low output state. 
On the very next negative edge of the clock the low output state 
of the AND gate is transferred to the output of the D-FLOP 
and then when the clock returns high, the latch output goes low 
and drives the switch back into the Integrate Mode. At the 
same time the latch drives the AND gate to a mode where it 
will truthfully relay the information presented to it by the 
comparator. 

Since the reset pulses applied to the integrator are exactly one 
clock period long, the only place where drift can occur is in a 
variation of the symmetry of the switching speed with temperature. 


Since each reset pulse is identical to every other, the AD651 
SVFC produces a very linear voltage to frequency transfer relation. 
Also, since all of the reset pulses are gated by the clock, there 
are no problems widi dielectric absorption causing the duration 
of a reset pulse to be influenced by the length of time since the 
last reset. 



-Vs 



Figure 2. AD651 Block Diagram and System Waveforms 

Referring to Figure 2, it can be seen that the period between 
output pulses is constrained to be an exact multiple of the clock 
period. Consider an input current of exactly one quarter of the 
value of the reference current. In order to achieve a charge 
balance, the output frequency will equal the clock frequency 
divided by four; one clock period for reset and three clock 
periods of integrate. This is shown in Figure 3. If the input 
current is increased by a very small amount, the output frequency 
should also increase by a very small amount. Initially, however, 
no output change is observed for a very small increase in the 
input current. The output frequency continues to run at one 
quarter of the clock, delivering an average of 250jjlA to the 



Figure 3. Integrator Output for //a/ = 250iJiA 
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summing junction. Since the input current is slightly larger than 
this, charge accumulates in the integrator and the sawtooth 
signal starts to drift downward. As the integrator sawtooth drifts 
down, the comparator threshold is crossed earUer and earlier in 
each successive cycle, until finally, a whole cycle is lost. When 
the cycle is lost, the Integrate Phase lasts for two periods of the 
clock instead of the usual three periods. Thus, among a long 
string of divide-by-four’s an occasional divide-by-three occurs; 
the average of the output frequency is very close to one quarter 
of the clock, but the instantaneous frequency can be very different. 
Because of this, it is very difficult to observe the waveform on 
an oscilloscope. During all of this time, the signal at the output 
of the integrator is a sawtooth wave with an envelope which is 
also a sawtooth. This is shown in Figure 4. 



Figure 4. Integrator Output for l/isj Slightly Greater 
than 250fxA 


Another way to view this is that the output is a frequency of 
approximately one quarter of the clock that has been phase 
modulated. A constant frequency can be thought of as ac¬ 
cumulating phase linearly with time at a rate equal to Inf radians 
per second. Hence, the average output frequency which is slightly 
in excess of a quarter of the clock will require phase accumulation 
at a certain rate. However, since the SVFC is running at exactly 
one quarter of the clock, it will not accumulate enough phase 
(see Figure 5). When the difference between the required phase 
(average frequency) and the actual phase equals 27r, a step in 
phase is taken where the deficit is made up instantaneously. 

The output frequency is then a steady carrier which has been 
phase modulated by a sawtooth signal (see Figure 5). The period 
of the sawtooth phase modulation is the time required to ac¬ 




AVERAGE PHASE 
CARRIER MODULATION 
FREQUENCY 


Figure 5. Phase Modulation 


cumulate a Itt difference in phase between the required average 
frequency and one quarter of the clock frequency. The amplitude 
of the sawtooth phase modulation is Ztt. 

The result of this synchronism is that the rate at which data 
may be extracted from the series bit stream produced by the 
SVFC is limited. The output pulses are typically counted during 
a fixed gate interval and the result is interpreted as an average 
frequency. The resolution of such a measurement is determined 
by the clock frequency and the gate time. For example, if the 
clock frequency is 4MHz and the gate time is 4.096ms, then a 
maximum count of 8,192 is produced by a full-scale frequency 
of 2MHz. Thus, the resolution is 13 bits. 

OVERRANGE 

Since each reset pulse is only one clock period in length, the 
full-scale output frequency is equal to one-half the clock frequency. 
At full scale the current steering switch spends half of the time 
on the summing junction; thus, an input current of 0.5mA can 
be balanced. In the case of an overrange, the output of the 
integrator op amp will drift in the negative direction and the 
output of the comparator will remain high. The logic circuits 
will then simply settle into a “divide-by-two” of the clock state. 

SVFC CONNECTION FOR DUAL SUPPLY, POSITIVE 
INPUT VOLTAGES 

Figure 6 shows the AD651 connection scheme for the traditional 
dual supply, positive input mode of operation. The ±Vs range 
is from ±6 to ±18 volts. When + Vs is lower than 9 volts, it is 
necessary to shunt pin 16 to pin 13 in order to maintain a minimum 
of 2 volts between pin 16 and + Vs- Pin 16 may be shorted 
directly to pin 13, or an external resistor may be shunted between 
the two pins. Shorting these pins will make analog ground the 
comparator reference; in this case pins 16 and 15 are tied directly 
to pin 13. If an external resistor is used then the comparator 
reference will be set by the 250fxA current and this resistor. 

The diode (IN4148 or similar) across pins 5 and 6 prevents any 
parasitic internal junctions from becoming forward biased under 
fault conditions. Opaque diodes should be used to prevent 
variances in the AD651 transfer function caused by photo 
injection. 

The AD651 accepts either a 0 to lOV or 0 to 0.5mA full-scale 
input signal. The temperature drift of the AD651 is specified 



Figure 6. Standard V/F Connection for Positive Input Voltage 
with Dual Supply 
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for a 0 to lOV input range using the internal 20kn resistor. If a 
current input is used, the gain drift will be degraded by approx¬ 
imately 50ppm/°C (the TC of the 20kfl resistor). If an external 
resistor is connected to pin 5 to establish a different input voltage 
range, drift will be induced to the extent that the external resistor’s 
TC differs from - 50ppm/®C. The external resistor used to 
establish a different input voltage range should be selected as to 
provide a full-scale current of 0.5mA (i.e., lOkfl for 0 to 5V). 

SVFC CONNECTIONS FOR NEGATIVE INPUT 
VOLTAGES 

Voltages which are negative with respect to ground may be used 
as the input to the AD651 SVFC. In this case, pin 7 is grounded 
and the input voltage is applied to pin 6 (see Figure 7). In this 
mode the input voltage can go as low as 4 volts above —Vs. In 
this configuration the input is a high impedance, and only the 
40nA (typical) input bias current of the op amp need be supplied 
by the input signal. This is contrasted with the more usual 
positive input voltage configuration, which has a 20kn input 
impedance and requires 0.5mA from the signal source. 


+ Vs 



-Vs 



Figure 7. Negative Voltage Input 

SVFC CONNECTION FOR BIPOLAR INPUT VOLTAGES 

A bipolar input voltage of ± 5V can be accommodated by injecting 
a 250jjlA current into pin 5. A - 5V signal will then provide a 
zero sum current at the integrator summing junction which will 
result in a zero output frequency, while a + 5V signal will provide 
a 0.5mA (full- scale) sum current which will result in the full-scale 
output frequency. 

The 250p<A bipolalr offset current is best provided by an external 
reference voltage and resistor. However, if necessary, the com¬ 
parator reference may be used. Since the current source feeding 
the zener diode is only 250jxA, it is necessary to provide an 
additional 250|xA from + Vs for the bipolar offset current. This 
is shown in Figure 8. 

GAIN AND OFFSET CALIBRATION 

The gain error of the AD651 is laser trimmed to within ±0.5%. 
If higher accuracy is required, the internal 20kft resistor must 
be shimted with a 2Mfl resistor to produce a parallel equivalent 
which is 1% lower in value than the nominal 20kft. Full scale 
adjustment is then accomplished using a 5000 series trimmer. 
See Figure 9. When negative input voltages are used, this 5000 
trimmer will be tied to ground and pin 6 will be the input pin. 


Figure 8. Bipolar Offset 

This gain trim should be done with an input voltage of 9V, and 
the output frequency should be adjusted to exactly 45% of the 
clock frequency. Since the device settles into a divide-by-two 
mode for an input overrange condition, adjusting the gain with 
a lOV input is impractical; the output frequency would be exactly 
one-half the clock frequency if the gain were too high ^d would 
not change with adjustment until the exact proper scale factor 
was achieved. Hence, the gain adjustment should be done with 
a 9V input. 

The offset voltage of the op amp may be trimmed to zero with a 
20 kH potentiometer across pins 2 and 3 and the wiper connected 
to +Vs through a 250kfl resistor. This is also shown in Figure 
9. The offset is then trimmed by grounding pin 7 and observing 
the waveform at pin 4. If the offset voltage of the op amp is 
positive, then the integrator will have saturated and the voltage 
at pin 4 will be at the positive rad. If the offset voltage is negative, 
then there will be a small effective input current that will cause 
the AD651 to oscdlate and a sawtooth waveform will be observed 
at pin 4. The trimpot should be adjusted untd the downward 
slope of this sawtooth becomes very slow, down to a frequency 
of IHz or less. 

+ Vs 



Figure 9. Gain and Offset Trim 
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GAIN PERFORMANCE 

The AD651 gain error is specified as the difference in slope 
between the actual and the ideal transfer function over the full-scale 
frequency range. Figure 10 shows a plot of the typical gain 
error changes vs. the clock input frequency, normalized to 
lOOkHz. If after using the AD651 with a full-scale clock frequency 
of lOOkHz it is decided to reduce the necessary gating time by 
increasing the clock frequency, this plot shows the typical gain 
changes normalized to the original lOOkHz gain. 


signal. The delay time between the rising edge of the clock and 
the falling edge of the frequency output is typically 150ns. The 
width of the pulse is 5ns/pF and the minimum width is about 
100ns with pin 9 floating. If the one-shot period is accidentally 
chosen longer than the clock period, the width of the pulse will 
default to equal the clock period. The one-shot can be disabled 
by connecting pin 9 to +Vs (Figure 11); the output pulse width 
will then be equal to the clock period. The one-shot is activated 
(Figure 12) by connecting a capacitor from pin 9 to + Vs, -Vs, 
or Digital Ground( + Vs is preferred). 



DIGITAL INTERFACING CONSIDERATIONS 

The AD651 clock input is a high impedance input with a threshold 
voltage of two diode voltages with respect to Digital Ground at 
pin 12 (approximately 1.2 volts at room temp). When the clock 
input is low, 5-10p,A flows out of this pin. When the clock 
input is high, no current flows. 

The frequency output is an open collector pull-down and is 
capable of sinking 8mA with a maximum voltage of 0.4 volts. 
This will drive 5 standard TTL inputs. The open collector pull 
up voltage can be as high as 36 volts above digital ground. 

COMPONENT SELECTION 

The AD651 integrating capacitor should be 0.02pF. If a large 
amount of normal mode interference is expected (more than 0.1 
volts) and the clock frequency is less than 500kHz, an integrating 
capacitor of 0.1 p.F should be used. Mylar, polypropylene, or 
polystyrene capacitors should be used. 

The open collector pull-up resistor should be chosen to give 
adequately fast rise times. At low clock frequencies (lOOkHz) 
larger resistor values (several kfl) and slower rise times may be 
tolerated. However, at higher clock frequencies (IMHz) a lower 
value resistor should be used. The loading of the logic input 
which is being driven must also be taken into consideration. For 
example, if 2 standard TTL loads are to be driven then a 3.2mA 
current must be sunk, leaving 4.8mA for the pull-up resistor if 
the maximmn low level voltage is to be maintained at 0.4 volts. 
A 96011 resistor would thus be selected ((5-0.4)V/4.8mA) = 
960n. 

The one-shot capacitor controls the pulse width of the frequency 
output. The pulse is initiated by the rising edge of the clock 


Figure 11. One Shot Disabled 



ANY AC GND 
( + Vs. -Vs, OR DIG GND) 

Figure 12. One Shot Enabled 

DIGITAL GROUND 

Digital Ground can be at any potential between - Vs and ( + Vs 
-4 volts). This can be very useful a system with derived grounds 
rather than stiff supplies. For example, in a small isolated power 
circuit, often only a single supply is generated and the “groimd” 
is set by a divider tap. Such a groimd cannot handle the large 
currents associated with digital signals. With the AD651 SVFC, 
it is possible to connect the DIG GND to - Vs for a solid logic 
reference, as shown in Figure 13. 
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+ Vs 



-Vs 


Figure 13. Digital GND at - Vs 

SINGLE SUPPLY OPERATION 

In addition to the Digital Ground being connected to - Vs, it is 
also possible to connect Analog Ground to - Vs of the AD651. 
Hence, the device is truly operating from a single supply voltage 
that can range from + 12V to + 36V. This is shown in 
Figure 14 for a positive voltage input and Figure 15 for a negative 
voltage input. 

In Figure 14, the comparator reference is used as a derived 
ground, and the input voltage is referred to this point as well as 
the op amp common mode (pin 6 is tied to pin 16). It is necessary 
to place a pull up resistor between pin 16 and +Vs to provide 
at least 0.5mA of current into pin 16. Since the input signal 
source must drive 0.5mA of full-scale signal current into pin 7, 
it must also draw the exact same current from the input reference 
potential. Since the internal current source driving the zener 
diode comparator reference is only 250|xA, it cannot supply the 
current needed; hence the reason for the pull-up resistor between 
pin 16 and + Vs. The exact amount of extra current that must 
be supplied by the external resistor is not critical, so long as it 
is more than the 0.5mA full-scale signal current. 



Figure 14. Single Supply Positive Voltage Input 


Figure 15 shows the negative voltage input configuration for use 
of the AD651 in the single supply mode. Again, an external 
resistor is needed to supply the signal current being drawn out 
of the input reference. However, in this mode the signal source 
is driving the “ + ” input of the op amp which requires only 
40nA (typical), rather than the 0.5mA required in the positive 
input voltage configuration. The voltage at pin 6 may go as low 
as 4 volts above ground (-Vs, pin 8). Since the input reference 
is about 6.5 volts above ground, this leaves a 2.5V window for 
the input signal. In order to drive the integrating capacitor with 
a 0.5mA full-scale current, it is necessary to shunt the internal 
20kfl resistor with an external 5kfl resistor. This results in a 
4kn equivalent resistor and a 2V input range. The external 5kD 
resistor should be a low-TC metal-film type for lowest drift 
degradation. 

+ Vs 



FREQUENCY-TO-VOLTAGE CONVERTER 

The AD651 SVFC also works as a frequency-to-voltage converter. 
Figure 16 shows the connection diagram for FA^ conversion. In 
this case the “ - ” input of the comparator is fed the input 
pulses. Either comparator input may be used so that an input 
pulse of either polarity may be applied to the FA^. In Figure 16 
the “ + ” input is tied to a 1.2V reference and low level TTL 
pulses are used as the frequency input. The pulse must be low 
on the falling edge of the clock. On the subsequent rising edge 
the 1mA current source is switched to the integrator summing 
junction and ramps up the voltage at pin 4. Due to the at tion of 
the AND gate, the 1mA current is switched off after only one 
clock period. The average current delivered to the sununing 
junction varies from 0 to 0.5mA; using the internal 20kfl resistor 
this results in a full-scale output voltage of lOV at pin 4. 

The frequency response of the circuit is determined by the 
capacitor; the - 3dB frequency is simply the RC time constant. 
A tradeoff exists between ripple and response. If low ripple is 
desired, a large value capacitor must be used (l|xF), if fast 
response is needed, a small capacitor is used (InF minimum). 

The op amp can drive a 5kn resistor load to lOV, using a 15V 
positive power supply. If a large load capacitance (0.01 fxF) must 
be driven, then it is necessary to isolate the load with a 500 
resistor as shown. Since the 500 resistor is 0.25% of the full 
scale, and the specified gain error with the 20kO resistor is 
±0.5%, this extra resistor will only increase the total gain error 
to +0.75% max. 

The circuit shown is unipolar and only a 0 to + lOV output is 
allowed. The integrator op amp is not a general purpose op 
amp, rather it has been optimized for simplicity and high speed. 
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LOADS ON FALLING EDGE OF CK 
SHIFTS OUT ON RISING EDGE OF CK 
FREQUENCY TO VOLTS CONVERTER 


Figure 16. Frequency-to-Voltage Converter 

The most significant difference between this amplifier and a 
general purpose op amp is the lack of an integrator (or level 
shift) stage. Consequently, the voltage on the output (pin 4) 
must always be more positive than 1 volt below the inputs 
(pins 6 and 7). For example, in the F-to-V conversion mode, 
the noninverting input of the op amp (pin 6) is grounded which 
means that the output (pin 4) cannot gb below - 1 volt. Normal 
operation of the circuit as shown will never call for a negative 
voltage at the output. 

A second difference between this op amp and a general purpose 
amplifier is that the output will only sink 1.5mA to the negative 
supply. The only pulldown other than the 1mA current used for 
voltage-to-frequency conversion is a 0.5mA source. The op amp 
will source a great deal of current from the positive supply, and 
it is internally protected by current limiting. The output of the 
op amp may be driven to within 4 volts of the positive supply 
when not sourcing external current. When sourcing 10mA, the 
output voltage may be driven to within 6 volts of the positive 
supply. 

DECOUPLING AND GROUNDING 

It is good engineering practice to use bypass capacitors on the 
supply-voltage pins and to insert small-valued resistors (10 to 
lOOn) in the supply lines to provide a measure of decoupling 
between the various circuits in a system. Ceramic capacitors of 
0.1 |xF to l.OjxF should be applied between the supply-voltage 
pins and analog signal ground for proper bypassing on the 
AD651. 

In addition, a larger board level decoupling capacitor of IjxF to 
lOfJiF should be located relatively close to the AD651 on each 
power supply line. Such precautions are imperative in high 
resolution data acquisition applications where one expects to 
exploit the full linearity and dynamic range of the AD651. 


Separate digital and analog grounds are provided on the AD651. 
The emitter of the open collector frequency output transistor 
and the clock input threshold only are returned to the digital 
ground. Only the comparator reference zener diode is connected 
to analog ground. The purpose of the two separate grounds is to 
allow isolation between the high precision analog signals and the 
digital section of the circuitry. Much noise can be tolerated on 
the digital ground without affecting the accuracy of the VFC. 
Such ground noise is inevitable when switching the large currents 
associated with the frequency output signal. 

At high full scale, it is necessary to use a pull-up resistor of 
about 500n in order to get the rise time fast enough to provide 
well defined output pulses. This means that from a 5 volt logic 
supply, for example, the open collector output will draw 10mA. 
This much current being switched will cause ringing on long 
ground runs due to the self inductance of the wires. For instance, 
#20 gauge wire has an inductance of about 20nH per inch; a 
current of 10mA being switched in 50ns at the end of 12 inches 
of 20 gauge wire will produce a voltage spike of 50mV. The 
separate digital ground of the AD651 will easily handle these 
types of switching transients. 

A problem will remain from interference caused by radiation of 
electro-magnetic energy from these fast transients. Typically, a 
voltage spike is produced by inductive switching transients; 
these spikes can capacitively couple into other sections of the 
circuit. Another problem is ringing of ground lines and power 
supply lines due to the distributed capacitance and inductance 
of the wires. Such ringing can also couple interference into 
sensitive analog circuits. The best solution to these problems is 
proper bypassing of the logic supply at the AD651 package. A 
IjxF to 10|xF tantalum capacitor should be connected directly to 
the supply side of the pull-up resistor and to the digital ground, 
pin 12. The pull-up resistor should be connected directly to the 
frequency output, pin 11. The lead lengths on the bypass capacitor 
and the pull-up resistor should be as short as possible. The 
capacitor will supply (or absorb) the current transients, and 
large ac signals will flow in a physically small loop through the 
capacitor, pull-up resistor, and frequency output transistor. It is 
important that the loop be physically small for two reasons: 
first, there is less inductance if the wires are short, and second, 
the loop will not radiate RFI efficiently. 

The digital ground (pin 12) should be separately connected to 
the power supply ground. Note that the leads to the digital 
power supply are only carrying dc current. There may be a dc 
ground drop due to the difference in currents returned on the 
analog and digital grounds. This will not cause a problem. These 
features greatly ease power distribution and ground management 
in large systems. Proper technique for grounding requires separate 
digital and analog ground returns to the power supply. Also, the 
signal ground must be referred directly to analog ground (pin 6) 
at the package. More information on proper grounding and 
reduction of interference can be found in reference 1. 


'“Noise Reduction Techniques in Electronic Systems”, by H.W. Ott, 
(John Wiley, 1976). 
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Applications 

FREQUENCY OUTPUT MULTIPLIER 
The AD651 can serve as a frequency output multiplier when 
used in conjunction with a standard voltage-to-frequency con¬ 
verter. Figure 17 shows the low cost AD654 VFC being used as 
the clock input to the AD651. Also shown is a second AD651 in 
the FA^ mode. The AD654 is set up to produce an output frequency 
of 0-500kHz for an input voltage (Vi) range of O-IOV. The use 
of R4, Cl, and the XOR gate doubles this output frequency 
from 0-500kHz to 0-lMHz. 



Figure 17. Frequency Output Multiplier 

This IMHz full-scale frequency is then used as the clock input 
to the AD651 SVFC. Since the AD651 full-scale output frequency 
is one-half the clock frequency, the IMHz FS clock frequency 
establishes a 500kHz maximum output frequency for the AD651 
when its input voltage (V 2 ) is + lOV. The user thus has an 
output frequency range from 0-500kHz which is proportional to 
the product of Vi and V 2 . 


This can be shown in equation form, where fc is the AD654 
output frequency and four is the AD651 output frequency: 


fc = 


IMHz 

lOV 


four 


four 

^OUT 



= ViV2( — — 

^ H2(10V)(10VX 

= Vi • V2 • SkHz/W^ 


The scope photo in Figure 18 shows Vi and V 2 (top two traces) 
and the output of the F-V (bottom trace). 



Figure 18. Multiplier Waveforms 

SINGLE-LINE MULTIPLEXED DATA TRANSMISSION 

It is often necessary to measure several different signals and 
relay the information to some remote location using a minimum 
amount of cable. Multiple AD651 SVFC devices may be used 
with a multiphase clock to combine these measurements for 
serial transmission and demultiplexing. Figure 19 shows a block 
diagram of a single-line multiplexed data transmission system 
with high noise immunity. Figures 20, 21 and 22 show the 
SVFC multiplexer, a representative means of data transmission, 
and an SVFC demultiplexer respectively. 

Multiplexer 

Figure 20 shows the SVFC multiplexer. The clock inputs for 
the several SVFC channels are generated by a TIM9904A four 
phase clock driver, and the frequency outputs are combined by 
strapping all the frequency output pins together (a “wire or” 
connection). The one-shot in the AD651 sets the pulse width of 
the frequency output pulses to be slightly shorter than one 
quarter of the clock period. Synchronization is achieved by 
applying one of the four available phases to a fixed TTL one-shot 
(T21) and combining the output with an external transistor. 

The width of this sync pulse is shorter than the width of the 
frequency output pulses to facilitate decoding the signal. The 
RC lag network on the input of the one-shot provides a slight 
delay between the rising edge of the clock and the sync pulse in 
order to match the 150ns delay of the AD651 between the rising 
edge of the clock and the output ptilse. 

Transmitter 

The multiplexer signal can be transmitted in any manner suitable 
to the task at hand. A pulse transformer or an opto-isolator can 
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DEMULTIPLEXER FREQUENCY TO 
VOLTAGE CONVERSION 
(SEE FIGURE 25) 


Figure 19. Single Line Multiplexed Data Transmission 
Block Diagram 




Figure 20. SVFC Multiplexer 
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provide galvanic isolation; extremely high voltage isolation or 
transmission through severe RF environments can be accomplished 
with a fiber-optic link; telemetry can be accomplished with a 
radio link. The circuit shown in Figure 21 uses an EIA RS-422 
standard for digital data transmission over a balanced line. 
Figure 23 shows the waveforms of the four clock phases and the 
multiplex output signal. Note that the sync pulse is present 
every clock cycle, but the data pulses are no more frequent than 
every other clock cycle since the maximum output frequency 
from the SVFC is half the clock frequency. The clock frequency 
used in this circuit is 819.2 kHz and will provide more than 
16 bits of resolution if 100 millisecond gate time is allowed for 
counting pulses of the decoded output frequencies. 

SVFC Demultiplexer 

The demultiplexer needed to separate the combined signals is 
shown in Figure 22. A phase locked loop drives another four 
phase clock chip to lock onto the reconstructed clock signal. 

The sync pulses are distinguished from the data pulses by their 
shorter duration. Each falling edge on the multiplex input signal 
triggers the one-shot, and at the end of this one-shot pulse the 
multiplex input signal is sampled by a D-type flip-flop. If the _ 
signal is high, then the pulse was short (a sync pulse) and the Q 
output of the D-flop goes low. The D-flop is cleared a short 
time (two gate delays) later, and the clock is reconstructed as a 
stream of short, low-going pulses. If the Multiplex input is a 
data pulse, then when the D-flop samples at the end of the one- 
shot period, the signal will still be low and no pulse will appear 
at the reconstructed clock output. These waveforms are shown 
in Figure 24. 

If it is desired to recover the individual frequency signals, then 
the multiplex input is sampled with a D-flop at the appropriate 
time as determined by the rising edge of the various phases 
generated by the clock chip. These frequency signals can be 
coimted as a ratio relative to the reconstructed clock, so it is not 
even necessary for the transmitter to be crystal controlled as 
shown here. 

Analog Signal Reconstruction 

If it is desired to reconstruct the analog voltages from the multiplex 
signal, then three more AD651 SVFC devices are used as fre- 
quency-to-voltage converters, as shown in Figure 25. The com¬ 


parator inputs of all the devices are strapped together, and the 
“ + ” inputs are held at a 1.2 volt TTL threshold, while the 
inputs are driven b^the multiplex input. The three clock 
inputs are driven by the <|) outputs of the clock chip. Remember 
that data at the comparator input of the SVFC is loaded on the 
falling edge of the clock signal and shifted out on the next rising 
edge. Note that the frequency signals for each data channel are 
available at the frequency output pin of each FVC. 



Figure 23. Multiplexer Waveforms 



MULTIPLEX INPUT 
ONE SHOT 


RECONSTRUCTED 

CLOCK 

t |>1 

(PHASE LOCKED TO 

RECONSTRUCTED 

CLOCK) 


Figure 24. Demultiplexer Waveforms 



Figure 25. Demultiplexer Frequency-to-Voltage Conversion 
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ISOLATED FRONT END 

In some applications it may be necessary to have complete galvanic 
isolation between the analog signals being measured and the 
digital portions of the circuit. The circuit shown in Figure 26 
runs off a single 5 volt power supply and provides a self-contained, 
completely isolated analog measurement system. The power for 
the AD651 SVFC is provided by a chopper and a transformer, 
and is regulated to ± 15 volts. 

Both the chopper frequency and the AD651 clock frequency are 
125kHz, with the clock signal being relayed to the SVFC through 
the transformer. The frequency output signal is relayed through 
an opto-isolator and latched into a D-flop. The chopper frequency 
is generated from an AD654 VFC and is frequency divided by 


two to develop differential drive for the chopper transistors, and 
to ensure an accurate 50 percent duty cycle. The pull-up resistors 
on the D-flop outputs provide a well defined high level voltage 
to the choppers to equalize the drive in each direction. The 
lOpH inductor in the + 5V lead of the transformer primary is 
necessary to equalize any residual imbalance in the drive on 
each half-cycle and thus prevent saturation of the core. The 
capacitor across the primary resonates the system so that under 
hght loading conditions on the secondary the wave shape will be 
sinusoidal and the clock frequency will be relayed to the SVFC. 
To adjust the chopper frequency, disconnect any load on the 
secondary and tune the AD654 for a minimum in the supply 
current drawn from the 5 volt supply. 


CLOCK 

FREQUENCY 



A-TO-D CONVERSION 

In performing an A-to-D conversion, the output pulses of a 
VFC are counted for a fixed gate interval. To achieve maximum 
performance with the AD651, the fixed gate interval should be 
generated using a multiple of the SVFC clock input. Coimting 
in this manner will eliminate any errors due to the clock (whether 
it be jitter, drift with time or temperature, etc.) since it is 
the ratio of the clock and output frequencies that is being 
measured. 

The resolution of the A-to-D conversion measurement is deter¬ 
mined by the clock frequency and the gate time. If, for instance, 
a resolution of 12 bits is desired and the clock frequency is 


IMHz (resulting in an AD651 FS frequency of 500kHz) the 
gate time will be: 


(fS FreqV 

(1 Clock FreqV^ 

/ IMHzV 

1 N ; 

" V2 N / 

" 12(4096)/ 


= -- sec = 8.192ms : Where N is the 

^ ^ total number of 

codes for a given 
resolution. 
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Figure 27 shows the AD651 SVFC as an A-to-D converter in 
block diagram form. 

To provide the 2N block a single chip counter such as the 
4020B can be used. The 4020B is a 14-stage binary ripple counter 
which has a clock and master reset for inputs, and buffered 
outputs from the first stage and the last eleven stages. The 
output of the first stage is fcLCx:K ^ 2^ = fcLOCK/2, while the 
output of the last stage is fcLOCK ^ 2^"^ = fcLOCK/16384. Hence 
using this single chip counter as the 2N block, 13-bit resolution 
can be achieved. Higher resolution can be achieved by cascading 
D-type flip-flops or another 4020B with the counter. 

Table I shows the relationship between clock frequency and 
gate time for various degrees of resolution. Note that if the 27. Block Diagram of SVFC A-to-D Converter 

variables are chosen such that the gate times are multiples of 50, 

60 or 400Hz, normal-mode rejection (NMR) of those line fre¬ 
quencies will occur. 


• 

Resolution 

N 

Clock 

Conversion 

or 

Gate Time 

Typ Lin 

Comments 

12 Bits 

4096 

81.92kHz 

100ms 

0.002% 

50,60,400HzNMR 

12 Bits 

4096 

2MHz 

4.096ms 

0.01% 


12 Bits 

4096 

4MHz 

2.048ms 

0.02% 


4 Digits 

10000 

200kHz 

100ms 

0.002% 

50,60,400HzNMR 

14 Bits 

16384 

327.68kHz 

100ms 

0.002% 

50,60,400HzNMR 

MBits 

16384 

1.966MHz 

16.66ms 

0.01% 

60HzNMR 

MBits 

16384 

1.638MHz 

20ms 

0.01% 

50HzNMR 

4 1/2 Digits 

20000 

400kHz 

100ms 

0.002% 

50,60,400HzNMR 

16 Bits 

65536 

655.36kHz 

200ms 

0.002% 

50,60,400HzNMR 

MBits 

65536 

4MHz 

32.77ms 

0.02% 



Table I. 



DELTA MODULATOR 

The circuit of Figure 28 shows the AD651 configured as a delta 
modulator. A reference voltage is applied to the input of the 
integrator (pin 7), which sets the steady state output frequency 
at one-half of the AD651 full-scale frequency (1/4 of the clock 
frequency). As a 0 to lOV input signal is applied to the comparator 
(pin 15), the output of the integrator attempts to track this 
signal. For an input in an idling condition (dc) the output frequency 
will be one-half full scale. For positive going signals the output 
frequency will be between one-half full scale and full scale, and 


for negative going signals the output frequency will be between 
zero and one-half full scale. The output frequency will correspond 
to the slope of the comparator input signal. 

Since the output frequency corresponds to the slope of the input 
signal, the delta modulator acts as a differentiator. A delta mod¬ 
ulator is thus a direct way of finding the derivative of a signal. 
This is useful in systems where, for example, a signal corresponding 
to velocity exists and it is desired to determine acceleration. 



0.0047»)iF 


Figure 28. Delta Modulator 
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Figure 29 is a scope photo showing a 20kHz, 0 to lOV sine 
wave used as the input to the comparator and its ramp-wise 
approximation at the integrator output. The clock frequency 
used as 2MHz and the integrating capacitor was 360pF. Figure 
30 shows the same input signal and its ramp-wise approximation, 
along with the output frequency corresponding to the derivative 
of the input signal. In this case the clock frequency was 
850kHz. 



The choice of an integrating capacitor is primarily dictate by 
the input signal bandwidth. Figure 31 shows this relationship. 
It should be noted that as the value of Cnsrr is lowered, the 
ramp size of the integrator approximation becomes larger. This 
can be compensated for by increasing the clock frequency. The 
effect of the clock frequency on the ramp size is demonstrated 
in Figures 29 and 30. 



Figure 29. Delta Modulator Input Signal and Ramp-Wise Figure 30. Delta Modulator Input Signal, Ramp-Wise 
Approximation Approximation and Output Frequency 



Figure 31. Maximum Integrating Cap Value vs. Input Signal Bandwidth 
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ANALOG 

DEVICES 


Low Cost Monolithic 
Voitage-to-Frequency Converter 


AD654 


FEATURES 
Low Cost 

Single or Dual Supply, 5 to 36 Volts, ±5V to ±18V 
Full Scale Frequency Up to 500kHz 
Minimum Number of External Components Needed 
Versatile Input Amplifier 
Positive or Negative Voltage Modes 
Negative Current Mode 
High Input Impedance, Low Drift 
Low Power: 2.0mA Quiescent Current 
Low Offset: ImV 


AD654 PIN CONFIGURATION 


fVs Ct Ct -Vs 



Fout LOGiC Rt +V,m 

COMMON 


PRODUCT DESCRIPTION 

The AD654 is a monolithic V/F converter consisting of an input 
amplifier, a precision oscillator system, and a high current output 
stage. A single RC network is all that is required to set up any 
full scale (F.S.) frequency up to 500kHz and any F.S. input 
voltage up to ± 30V. Linearity error is only 0.03% for a 250kHz 
F.S., and operation is guaranteed over an 80dB dynamic range. 
The overall temperature coefficient (excluding the effects of 
external components) is typically ± 50ppm/°C. The AD654 
operates from a single supply of 5 to 36V and consumes only 
2.0mA quiescent current. 

The low drift (4fjLV/°C typ) input amplifier allows operation 
directly from small signals such as thermocouples or strain 
gauges while offering a high (250Mn) input resistance. Unlike 
most V/F converters, the AD654 provides a square-wave output, 
and can drive up to 12 TTL loads, opto-couplers, long cables, 
or similar loads. 

PRODUCT HIGHLIGHTS 

1. Packaged in an 8-pin mini-DIP, the AD654 is a complete 
V/F converter requiring only an RC timing network to set the 
desired full scale frequency and a selectable pull-up resistor for 
the open-collector output stage. Any full scale input voltage 
range from lOOmV to 10 volts (or greater, depending on +Vs) 
can be accommodated by proper selection of the timing resistor. 
The full scale frequency is then set by the timing capacitor from 
the simple relationship, f = V/IORC. 


2. A minimum number of low cost external components are 
necessary. A single RC network is all that is required to set up 
any full scale frequency up to 500kHz and any full scale input 
voltage up to ± 30V. 

3. Plastic packaging allows low cost implementation of the 
standard VFC applications: A/D conversion, isolated signal 
transmission, F/V conversion, phase-locked loops, and tuning 
switched-capacitor filters. 

4. Power supply requirements are minimal; only 2.0mA of 
quiescent current is drawn from the single positive supply from 
4.5 to 36 volts. In this mode, positive inputs can vary from 0 
volts (ground) to ( + Vs -4) volts. Negative inputs can easily be 
connected for below ground operation. 

5. The versatile open-collector output stage can sink more than 
10mA with a saturation voltage less than 0.4 volts. The Logic 
Common terminal can be connected to any level between ground 
(or - Vs) and 4 volts below + Vs- This allows easy direct interface 
to any logic family with either positive or negative logic levels. 


NEW PRODUCTS - ICs 3-153 






SPECIFICATIONS 


(@ + 2S1! and Vs (total) = 5 to 16.SV, unless otheiwise specified. All testing done @ 5V). 


Model 

Min 

AD654JN 

Typ 

Max 

Units 

CURRENT-TO-FREQUENCY CONVERTER 





Frequency Range 

0 


500 

kHz 

Nonlinearity^ 





fmax = 250kHz 


0.03 

0.1 

% 

fmax = 500kHz 


0.20 

0.4 

% 

Full Scale Calibration Error 





C = 390pF,IiN= 1.000mA 

-10 


10 

% 

vs. Supply (finax ^ 250kHz) 





Vs= + 4.75 to + 5.25V 


0.20 

0.40 

%N 

Vs= + 5.25 to + 16.5V 


0.05 

0.10 

%/V 

vs.Temp(0to70°C) 


50 


ppm/°C 

ANALOG INPUT AMPLIFIER 





(Voltage-to-Current Converter) 





Voltage Input Range 





Single Supply 

0 


( + Vs-4) 

V 

Dual Supply 

-Vs 


( + Vs-4) 

V 

Input Bias Current 





(Either Input) 


30 

50 

nA 

Input Offset Current 


5 


nA 

Input Resistance (Non-inverting) 


250 


MH 

Input Offset Voltage 


0.5 

1.0 

mV 

vs. Supply 





Vs= + 4.75 to + 5.25V 


0.1 

0.25 

mVN 

Vs= +5.25 to + 16.5V 


0.01 

0.1 

mV/y 

vs. Temp (0 to 70°C) 


4 


|XV/X 

OUTPUT INTERFACE (Open Collector Output) 





(Symmetrical Square Wave) 





Output Sink Current in Logic “0”^ 





VouT = 0.4V max, 25°C 

10 

20 


mA 

VouT = 0.4Vmax,0to70X 

5 

10 


mA 

Output Leakage Current in Logic “1” 


10 

100 

nA 

0^70^ 


50 

500 

nA 

Logic Common Level Range 

-Vs 


( + Vs-4) 

V 

Rise/Fall Times (Ct = 0.01 |jlF) 





IiN == 1mA 


0.2 


(IS 

IiN = Im-A 


1 


|XS 

POWER SUPPLY 





Voltage, Rated Performance 

4.5 


16.5 

V 

Voltage, Operating Range 





Single Supply 

4.5 


36 

V 

Dual Supply 

±5 


±18 

V 

Quiescent Current 





Vs (Total) = 5V 


1.5 

2.5 

mA 

Vs (Total) = 30V 


2.0 

3.0 

mA 

TEMPERATURE RANGE 





Rated Performance 

0 


70 

°C 

Operating Range 

-40 


85 



NOTES 

= 250kHz; Rt = lkn,CT = 390pF,IiN = 0-lmA. 
fm«* = 500kHz; Rt = Ikft, Cr = 200pF, = 0-lmA. 

^The sink current is the amount of current that can flow into Pin 1 of the AD654 
while maintaining a maximum voltage of 0.4V between Pin 1 and Logic Common. 

Specifications shown in boldface are tested on aU production units at final electrical test. Results from those tests are used to calculate outgoing quality levels. 
All min and max specifications are guaranteed, although only those shown in boldface are tested on all production units. 

Specifications subject to change without notice. 
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ABSOLUTE MAXIMUM RATINGS 

Total Supply Voltage + Vs to - Vs.36V 

Maximum Input Voltage 

(Pins 3, 4) to - Vs.-300mV to +Vs 

Maximum Output Current 

Instantaneous.SOmA 

Sustained.25mA 

Logic Common to - Vs.-500mV to ( + Vs -4) 

Storage Temperature Range.-65°C to + 150°C 


OUTLINE DIMENSIONS 

Dimensions shown in inches and (mm). 



TYP 


CIRCUIT OPERATION 

The AD654’s block diagram appears in Figure 1. A versatile 
operational amplifier serves as the input stage; its purpose is to 
convert and scale the input voltage signal to a drive current in 
the NPN follower. Optimum performance is achieved when, at 
the full scale input voltage, a ImA drive current is delivered to 
the current-to-frequency converter (an astable multivibrator). 
The drive current provides both the bias levels and the charging 
current to the externally connected timing capacitor. This “adap¬ 
tive” bias scheme allows the oscillator to provide low nonlinearity 
over the entire current input range of lOOnA to 2mA. The square 
wave oscillator output goes to the output driver which provides 
a floating base drive to the NPN power transistor. This floating 
drive allows the logic interface to be referenced to a level other 
than - Vs. 



Figure 1. Standard V-F Connection for Positive Input 
Voltages 

V/F CONNECTION FOR POSITIVE INPUT VOLTAGES 

In the connection scheme of Figure 1, the input amplifier presents 
a very high (250Mn) impedance to the input voltage, which is 
converted into the proper drive current by the scaling resistors 
at pin 3. Resistors R1 and R2 are selected to provide a 1mA full 
scale current with enough trim range to accommodate the AD654’s 
10% FS error and the components’ tolerances. Full scale currents 
other than 1mA can be chosen, but linearity will be reduced; 
2mA is the maximum allowable drive. The AD654’s positive 
input voltage range spans from - Vs (ground in single supply 
operation) to four volts below the positive supply. Power supply 


*Te£lon is a trademark of E. I. Du Pont de Nemours & Co. 


rejection degrades as the input exceeds ( + Vs — 3.75V) and at 
(-l-Vs - 3.5V) the output frequency goes to zero. 

As indicated by the scaling relationship in Figure 1, a 0.01 jxF 
timing capacitor will give a lOkHz full scale frequency, and 
0.001 |xF will give lOOkHz with a 1mA drive current. Good V/F 
linearity requires the use of a capacitor with low dielectric ab¬ 
sorption (DA), while the most stable operation over temperature 
calls for a component having a small tempco. Polystyrene, poly¬ 
propylene, or Teflon* capacitors are preferred for tempco and 
dielectric absorption; other types will degrade linearity. The 
capacitor should be wired very close to the AD654. In Figure 1, 
Schottky diode CRl (MBDIOI) preyents logic common from 
dropping more than 500mV below - Vs. This diode is not 
required if - Vs is equal to logic common. 

V/F CONNECTIONS FOR NEGATIVE INPUT VOLTAGE 
OR CURRENT 

The AD654 can acconunodate a wide range of negative input 
voltages with proper selection of the scaling resistor, as indicated 
in Figure 2. This connection, unlike the buffered positive con¬ 
nection, is not high impedance because the signal source must 
supply the 1mA F.S. drive current. However, large negative 
voltages beyond the supply can be handled easily by modifying 
the scaling resistors appropriately. If the input is a true current 
source, R1 and R2 are not used. Again, diode CRl prevents 
latch-up by insuring Logic Common does not drop more than 
500mV below - Vs- The clamp diode (MBDIOI) protects the 
AD654 input from “below - Vs” inputs. 



-Vs 

(OVTO -15V) 


Figure 2. V-F Connections for Negative Input Voltages or 
Current 
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OFFSET CALIBRATION 

|n theory, two adjustments calibrate a V/F: scale and offset. In 
practice, most applications find the AD654’s ImV max voltage 
offset sufficiently low to forgo offset calibration. However, the 
input amplifier’s 30nA (typ) bias currents will generate an offset 
due to the difference in DC source resistance between the input 
terminals. This offset can be substantial for large values of 
Rt = Ri + R 2 and will vary as the bias currents drift over 
temperature. Therefore, to maintain the AD654’s low offset, the 
apphcation may require balancing the DC source resistances at 
the inputs (pins 3 and 4). 

For positive inputs, this is accomplished by adding a compensation 
resistor nominally equal to Rt in series with the input as shown 
in Figure 3a. This limits the offset to the product of the 30nA 
bias current and the mismatch between the source resistance Rt 
and Rcomp- A second, smaller offset arises from the inputs’ 5nA 
offset current flowing through the source resistance Rt or Rcomp- 
For negative input voltage and current connections, the com¬ 
pensation resistor is added at pin 4 as shown in Figure 3b in 
lieu of grounding the pin directly. For both positive and negative 
inputs, the use of Rcomp may lead to noise coupling at pin 4 
and should therefore be bypassed for lowest noise operation. 



Figure 3a. Bias Current Compensation - Positive inputs 



Figure 3b. Bias Current Compensation - Negative Inputs 

If the AD654’s ImV offset voltage must be trimmed, the trim 
must be performed external to the device. Figure 3c shows an 
optional connection for positive inputs in which Rqffi and 
Roff2 add a variable resistance in series with Rt- A variable 
source of ±0.6V applied to Roffi then adjusts the offset ± ImV. 
Similarly, a ±0.6V variable source is apphed to Rqff hi 
Figure 3d to trim offset for negative inputs. The ±0.6V bipolar 
source could simply be an AD589 reference connected as shown 
in Figure 3e. 



±0.6V 


Figure 3c. Offset Trim Positive Input (10V FS) 


±0.6V 



Figure 3d. Offset Trim Negative Input (- 10V FS) 



10k 

Figure 3e. Offset Trim Bias Network 

FULL SCALE CALIBRATION 

Full scale trim is the calibration of the circuit to produce the 
desired output frequency with a full scale input applied. In 
most cases this is accomplished by adjusting the scaling resistor 
Rt. Precise calibration of the AD654 requires the use of an 
accurate voltage standard set to the desired FS value and an 
accurate frequency meter. A scope is handy for monitoring 
output waveshape. Verification of converter linearity requires 
the use of a switchable voltage source or DAC having a linearity 
error below ±0.005%, and the use of long measurement intervals 
to minimize count uncertainties. Since each AD654 is factory 
tested for linearity, it is unnecessary for the end-user to perform 
this tedious and time consuming test on a routine basis. 

Sufficient FS Calibration trim range must be provided to accom¬ 
modate the worst-case sum of all major scaling errors. This 
includes the AD654’s 10% full scale error, the tolerance of the 
fixed scaling resistor, and the tolerance of the timing capacitor. 
Therefore, with a resistor tolerance of 1% and a capacitor tolerance 
of 5%, the fixed part of the scaling resistor should be a maximum 
of 84% of nominal, with the variable portion selected to allow 
116% of the nominal. 

If the input is in the form of a negative current source, the 
scaling resistor is no longer required, eliminating the capability 
of trimming FS frequency in this fashion. Since it is usually not 
practical to smoothly vary the capacitance for trimming purposes, 
an alternative scheme such as the one shown in Figure 4 is 
needed. Designed for a FS of 1mA, this circuit divides the 
input into two current paths. One path is through the lOOfl 


R2 

loon 



Figure 4. Current Source FS Trim 
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resistor Rl, and flowing into pin 3; it constitutes the signal 
current It to be converted. The second path, through another 
lOOfl resistor R2, carries the same nominal current. Two equal 
valued resistors offer the best overall stability, and should be 
either 1% discrete film units, or a pair from a common array. 

Since the 1mA FS input current is divided into two SOOfiA legs 
(one to ground and one to pin 3), the total input signal current 
(Is) is divided by a factor of two in this network. To achieve the 
same conversion scale factor, Ct must be reduced by a factor of 
two. This results in a transfer unique to this hookup: 



(20V) Ct 

For calibration purposes, resistors R3 and R4 are added to the 
network, allowing a ± 15% trim of scale factor with the values 
shown. By varying R4’s value the trim range can be modified to 
accommodate wider tolerance components or perhaps the cali¬ 
bration tolerance on a current output transducer such as the 
AD592 temperature sensor. Although the values of Rl - R4 
shown are vahd for 1mA FS signals only, they can be scaled 
upward proportionately for lower FS currents. For instance, 
they should be increased by a factor of ten for a FS current of 
lOOixA. 

In addition to the offsets generated by the input amplifier’s bias 
and offset currents, an offset voltage induced parasitic current 
arises from the current fork input network. These effects are 
minimized by using the bias current compensation resistor Rqff 
and offset trim scheme shown in Figure 3e. 

Although device warmup drifts are small, it is good practice to 
allow the devices operating environment to stabihze before trim, 
and insure the supply, source and load are appropriate. If provision 
is made to trim offset, begin by setting the input to 1/10,000 of 
full scale. Adjust the offset pot until the output is 1/10,000 of 
full scale (for example, 25Hz for a FS of 250kHz). This is most 
easily accomplished using a frequency meter connected to the 
output. The FS input should then be applied and the gain pot 
should be adjusted until the desired FS frequency is indicated. 

INPUT PROTECTION 

The AD654 was designed to be used with a minimum of additional 
hardware. However, the successful application of a precision IC 
involves a good understanding of possible pitfalls and the use of 
suitable precautions. Thus + Vin and Rt pins should not be 
driven more than 300mV below - Vs* Likewise, Logic Common 
should not drop more than 500mV below - Vs. This would 
cause internal junctions to conduct, possibly damaging the IC. 

In addition to the diode shown in Figures 1 and 2 protecting 
Logic Common, a second Schottky diode (MBDIOI) can protect 
the AD654’s inputs from “below - Vs” inputs as shown in 
Figure 5. It is also desirable not to drive +Vin and Rx above 
+ Vs. In operation, the converter will exhibit a zero output for 
inputs above ( + Vs - 3.5V). Also, control currents above 2mA 
will increase nonlinearity. 

The AD654’s 80dB dynamic range guarantees operation from a 
control current of 1mA (nominal FS) down to lOOnA (equivalent 
to ImV to lOV FS). Below lOOnA improper operation of the 
oscillator may result, causing a false indication of input amplitude. 
In many cases this might be due to short-lived noise spikes 
which become added to input. For example, when scaled to 
accept an FS input of IV, the - 80dB level is only 100|xV, so 
when the mean input is only 60dB below FS (ImV), noise spikes 



Figure 5. Input Protection 
of 0.9mV are sufficient to cause momentary malfunction. 

This effect can be minimized by using a simple low-pass filter 
ahead of the converter or a guard ring around the Rx pin. The 
filter can be assembled using the bias current compensation 
resistor discussed in the previous section. For an FS of lOkHz, 
a single-pole filter with a time constant of 100ms will be suitable, 
but the optimum configuration will depend on the application 
and the type of signal processing. Noise spikes are only likely to 
be a cause of error when the input current remains near its 
minimum value for long periods of time; above lOOnA full 
integration of additive input noise occurs. Like the inputs, the 
capacitor terminals are sensitive to interference from other signals. 
The timing capacitor should be located as close as possible to 
the AD654 to minimize signal pickup in the leads. In some 
cases, guard rings or shielding may be required. 

DECOUPLING 

It is good engineering practice to use bypass capacitors on the 
supply-voltage pins and to insert small-valued resistors (10 to 
lOOfl) in the supply lines to provide a measure of decoupling 
between the various circuits in the system. Ceramic capacitors 
of 0.1 p-F to l.OfxF should be applied between the supply-voltage 
pins and analog signal ground for proper bypassing on the AD654. 
A proper ground scheme appears in Figure 6. 


ion 



OUTPUT INTERFACING CONSIDERATIONS 

•The output stage’s design allows easy interfacing to all digital 
logic families. The output NPN transistor’s emitter and collector 
are both uncommitted. The emitter can be tied to any voltage 
between - Vs and 4 volts below 4-Vs, and the open collector 
can be pulled up to a voltage 36 volts above the emitter regardless 
of + Vs- The high power output stage can sink over 10mA at a 
maximum saturation voltage of 0.4V. The stage limits the output 
current at 25mA and can handle this limit indefinitely without 
damaging the device. 
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NONLINEARITY SPECIFICATION 

The preferred method of specifying nonlinearity error is in 
terms of maximum deviation from the ideal relationship after 
calibrating the converter at full scale. This error will vary with 
the full scale frequency and the mode of operation. The AD654 
operates best at a 250kHz full scale frequency with a negative 
voltage input; the linearity is typically within 0.03%. Operating 
at higher frequencies or with-positive inputs will degrade the 
hnearity as indicated in the Specifications Table. The shape of 
typical linearity plot is given in Figure 7. 

0.20 I-, 



10kHz 100kHz 200kHz 400kHz 500kHz 
FULL SCALE FREQUENCY 


Figure 7. Typical Nonlinearities at Different Full-Scale 
Frequencies 

TWO-WIRE TEMPERATURE-TO-FREQUENCY 
CONVERSION 

Figure 8 shows the AD654 in a two-wire temperature-to-frequency 
conversion scheme. The twisted pair transmission line serves the 
dual purpose of supplying power to the device and also carrying 
frequency data in the form of current modulation. 



+ Vs 


Rs 


Rl 


lOV 


270a 


1.8k 


15V 


680a 


2.7k 




Table L 




( + Vs) 

Rl 

R2 R3 R4 

R5 



lOV 

15V 

_ 

100k 

100k 

127k 

127k 

F = 

lOHz/K 

lOV 

15V 

6.49k 

12.7k 

4.02k Ik 95.3k 
4.02k Ik 78.7k 

22.6k 

36.5k 

F = 

10Hz/°C 

lOV 

15V 

6.49k 

12.7k 

4.42k Ik 154k 
4.42k Ik 105k 

22.6k 

36.5k 

F = 

5.55Hz/°F 



Table U. 





At the V/F end, the AD592C temperature transducer is interfaced 
with the AD654 in such a manner that the AD654 output frequency 
is proportional to temperature. The output frequency can be 
scaled and offset from K to °C or °F using the resistor values 
shown in Table II. Since temperature is the parameter of interest, 
an NPO ceramic capacitor is used as the timing capacitor for 
low V/F TC. 

When scaling per K, resistors R1 - R3 and the AD589 voltage 
reference are not used. The AD592 produces a l(xA/K current 
output which drives pin 3 of the AD654. With the timing capacitor 
of O.OlfxF this produces an output frequency scaled to lOHz/K. 
When scaling per °C and °F, the ADS89 and resistors R1 - R3 
offset the drive current at pin 3 by 273.2p.A for scaling per °C 
and 255.42|xA for scaling per °F. This will result in frequencies 
scaled at 10Hz/°C and 5.55Hz/°F, respectively. 

OPTOISOLATOR COUPLING 

A popular method of isolated signal coupling is via optoelectronic 
isolators, or optocouplers. In this type of device, the signal is 
coupled from an input LED to an output photo-transistor, with 
light as the connecting medium. This technique allows DC to 
be transmitted, is extremely useful in overcoming ground loop 
problems between equipment, and is appUcable over a wide 
range of speeds and power. 

Figure 9 shows a general purpose isolated V/F circuit using a 
low cost 4N37 optoisolator. A + 5V power supply is assumed 
for both the isolated (+ 5V isolated) and local (+ 5V local) supphes. 
The input LED of the isolator is driven from the collector output 
of the AD654, with a 9mA current level established by R1 for 
high speed, as well as for a 100% current transfer ratio. 


Figure 8. Two-Wire Temperature-to-Frequency Converter 

The positive supply line is fed to the remote V/F through a 
140n resistor. This resistor is selected such that the quiescent 
current of the AD654 will cause less than one Vbe to be dropped. 
As the V/F oscillates, additional switched current is drawn 
through Rl when pin 1 goes low. The peak level of this additional 
current causes Q1 to saturate, and thus regenerates the AD654’s 
output square wave at the collector. The supply voltage to the 
AD654 then consists of a DC level, less the resistive line drop, 
plus a one Vbe P-P square wave at the output frequency of 
the AD654. This ripple is reduced by the diode/capacitor 
combination. 

To set up the receiver circuit for a given voltage, the Rs and Rl 
resistances are selected as shown in Table I. CMOS logic stages 
can be driven directly from the collector of Ql, and a single 
TTL load can be driven from the junction of R5 and R6. 



Figure 9. Optoisolator Interface 
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At the receiver side, the output transistor is operated in the 
photo-transistor mode; that is with the base lead (pin 6) open. 
This allows the highest possible output current. For reasonable 
speed in this mode, it is imperative that the load impedance be 
as low as possible. This is provided by the single transistor stage 
current-to-voltage converter, which has a dynamic load impedance 
of less than 10 ohms and interfaces with TTL at the output. 

USING A STAND-ALONE FREQUENCY COUNTER/LED 
DISPLAY DRIVER FOR VOLTMETER APPLICATIONS 

Figure 10 shows the AD654 used with a stand-alone frequency 
counter/LED display driver. With Ct = lOOOpF and Rt = 

IkO the AD654 produces an FS frequency of lOOkHz when Vin 
= + IV. This signal is fed into the ICM7226A, a universal 
counter system that drives common anode LED’s. With the 
FUNCTION pin tied to D1 through a lOkfl resistor the ICM7226A 
counts the frequency of the signal at Ain- This count period is 
selected by the user and can be 10ms, 100ms, Is, or 10 seconds, 
as shown on pin 21. The longer the period selected, the more 
resolution the count will have. The ICM7226A then displays the 
frequency on the LED’s, driving them directly as shown. Re¬ 
freshing of the LED’s is handled automatically by the ICM7226. 
The entire circuit operates on a single + 5V supply and gives a 
meter with 3, 4, or 5 digit resolution. 



Figure 10. AD654 With Stand-Alone Frequency Counter/LED 
Display Driver 

Longer count periods not only result in the count having more 
resolution, they also serve as an integration of noisy analog 
signals. For example, a normal-mode 60Hz sine wave riding on 
the input of the AD654 will result in the output frequency 
increasing on the positive half of the sine wave and decreasing 
on the negative half of the sine wave. This effect is cancelled by 
selecting a count period equal to an integral number of noise 
signal periods. A 100ms count period is effective because it not 
only has an integral number of 60Hz cycles (6), it also has an 


integral number of 50Hz cycles (5). This is also true of the 1 
second and 10 second count period. 

AD654-BASED ANALOG-TO-DIGITAL CONVERSION 
USING A SINGLE CHIP MICROCOMPUTER 

The AD654 can serve as an analog-to-digital converter when 
used with a single component microcomputer that has an interval 
timer/event counter such as the 8048. Figure 11 shows the AD654, 
with a full scale input voltage of + IV and a full scale output 
frequency of lOOkHz, connected to the timer/counter input pin 
T1 of the 8048. Such a system can also operate on a single + 5V 
supply. 

The 8748 counter is negative edge triggered; after the STRT 
CNT instruction is executed subsequent high to low transitions 
on T1 increment the counter. The maximum rate at which the 
counter may be incremented is once per three instruction cycles; 
using a 6MHz crystal, this corresponds to once every 7.5|xs, or 
a maximum frequency of 133kHz. Because the counter overflows 
every 256 counts (8 bits), the timer interrupt is enabled. Each 
overflow then causes a jump to a subroutine where a register is 
incremented. After the STOP TCNT instruction is executed, 
the number of overflows that have occurred will be the number 
in this register. The number in this register multiplied by 256 
plus the number in the counter will be the total number of 
negative edges counted during the count period. The count 
period is handled simply by decrementing a register the number 
of times necessary to correspond to the desired count time. 

After the register has been decremented the required number of 
times, the STOP TCNT instruction is executed. 



Figure 11. AD654 VFC as an ADC 
The total number of negative edges counted during the count 
period is proportional to the input voltage. For example, if a IV 
full-scale input voltage produces a lOOkHz signal and the count 
period is 100ms, then the total count will be 10,000. Scaling 
from this maximum is then used to determine the input voltage, 
i.e., a count of 5000 corresponds to an input voltage of 0.5V. 

As with the ICM7226, longer count times result in counts having 
more resolution; and they result in the integration of noisy 
analog signals. 
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FREQUENCY DOUBLING 

Since the AD654*s output is a square-wave rather than a pulse 
train, information about the input signal is carried on both 
halves of the output waveform. The circuit in Figure 12 converts 
the output into a pulse train, effectively doubling the output 
frequency, while preserving the better low frequency linearity of 
the AD654. This circuit also accommodates an input voltage 
that is greater than the AD654 supply voltage. 


+ 5V 






^ 1 jiLmuiiJU^ 

WAVEFORM DIAGRAM 


Figure 12. Frequency Doubler 

Resistors R1 - R3 are used to scale the 0 to + lOV input voltage 
down to 0 to + IV as seen at pin 4 of the AD654. Recall that 
ViN must be less than Vsupply -4V, or in this case less than 
IV. The timing resistor and capacitor are selected such that this 
0 to + IV signal seen at pin 4 results in a 0 to 200kHz output 
frequency. 

The use of R4, Cl and the XOR gate doubles this 200kHz 
output frequency to 400kHz. The AD654 output transistor is 
basically used as a switch, switching capacitor Cl between a 
charging mode and a discharging mode of operation. The voltages 
seen at the input of the 74LS86 are shown in the waveform 
diagram. Due to the difference in the charge and discharge time 
constants, the output pulse widths of the 74LS86 are not equal. 
The output pulse is wider when the capacitor is charging due to 
its longer rise time than fall time. The pulses should therefore 
be counted on their rising, rather than falling, edges. 

OPERATION AT HIGHER OUTPUT FREQUENCIES 

Operation of the AD654 via the conventional output (pins 1 
and 2) is speed limited to approximately 500kHz for reasons of 


TTL logic compatibility. Although the output stage may become 
speed limited, the multivibrator core itself is able to oscillate to 
IMHz or more. The designer may take advantage of this feature 
in order to operate the device at frequencies in excess of 
500kHz. 

Figure 13 illustrates this with a circuit offering 2MHz full scale. 
In this circuit the AD654 is operated at a full scale (FS) of 
1mA, with a Ct of lOOpF. This achieves a basic device FS 
frequency of IMHz across Ct- The P channel JFETs, Q1 and 
Q2, buffer the differential timing capacitor waveforms to a low 
impedance level where the push-pull signal is then AC coupled 
to the high speed comparator A2. Hysteresis is used, via R7, for 
non-ambiguous switching and to eliminate the oscillations which 
would otherwise occur at low frequencies. 

The net result of this is a very high-speed circuit which does 
not compromise the AD654 dynamic range. This is a result of 
the FET buffers typically having only a few pA of bias current. 
The high end dynamic range is limited, howevef, by parasitic 
package and layout capacitances in shunt with Ct, as well as 
those from each node to AC ground. Minimizing the lead length 
between A2-6/A2-7 and Q1/Q2 in PC layout will help. A ground 
plane will also help stability. Figure 14 shows the waveforms VI 
- V4 found at the respective points shown in Figure 13. 



Figure 14. Waveforms of 2MHz Frequency Doubler 


The output of the comparator is a complementary square wave 
at IMHz FS. Unlike pulse train output V/F converters, each 
half-cycle of the AD654 output conveys information about the 
input. Thus it is possible to count edges, rather than full cycles 
of the output, and double the effective output frequency. The 
XOR gate following A2 acts as an edge detector producing a 
short pulse for each input state transition. This effectively doubles 
the V/F FS frequency to 2MHz. The final result is a IV full 
scale input V/F with a 2MHz full-scale output capability; typical 
nonlinearity is 0.5%. 



Figure 13. 2MHz, Frequency Doubling V/F 
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ANALOG 

DEVICES 


4-20mA Sensor Transmitter 


AD693 


FEATURES 

Loop-Powered Operation 
Precalibrated 30mV or 60mV Input Spans 
Precalibrated lOOil RTD Interface 
Independently Adjustable Output Span and Zero 
Precalibrated Output Spans: 4-20mA Unipolar 
0-20niA Unipolar 
12 ± 8mA Bipolar 

6.2V Reference with Max 3.5mA Current Output 
Uncommitted Auxiliary Amp for Extra Flexibility 
Optional External Pass Transistor to Reduce 
Self-Heating Errors 


AD693 FUNCTIONAL BLOCK DIAGRAM 



PRODUCT DESCRIPTION 

The AD693 is a monolithic signal conditioning circuit which 
accepts low-level inputs from a variety of transducers to control 
a 4-20mA, 2-wire current loop. An on-chip reference and auxiliary 
amplifier are provided for transducer excitation; up to 3.5mA of 
excitation current is available when the device is operated in the 
loop-powered mode. Alternatively, the device may be locally 
powered for 3-wire applications when 0-20mA operation is 
desired. 

Input spans precalibrated for 0-30mV and 0-60mV; nii^ 
by simple pin strapping; other spans may 1^^rca^^d the ^ 
addition of an external resistor. The au^'^ toi^er m^y be 
used in combination with on-chip voltages tb provide ^xfjre- 
calibrated ranges for lOOD RTDs. Output span atud;|e)ro 
also determined by pin strapping to obtain the i^ndlr4'lunges 
4-20mA, 12 ± 8mA and 0-20mA. 

Active laser trimming of the on-chip thin film resistors result in 
high levels of accuracy without the need for additional adjustments 
and calibration. The AD693 also allows for the use of an external 
pass transistor to further reduce errors caused by self-heating. 

Transmission of analog data over a 4-20mA 2-wire current loop 
offers advantages over other techniques: 1) immunity both to 
voltage drops over long distances and high electrical noise often 
encountered in harsh industrial environments and 2) no ambiguity 
between a “zero” and open circuit condition. Where this data 


n 


PRODUCT HIGHLIGHTS 

1. The AD693 is a complete monolithic voltage-to-current signal 
conditioner . ^ 

2. Flexible output s;^ns derived from zero scale options in- 
clu(|^;4-2(^[iA^ 0-20mA, and 12 ± 8mA in two and three wire 

..^^^%n^r^dbns. 

resistof.programming adds a continuum of ranges to 

I t^he basic ^:and:^0mfV input spans. 

4. The|b6ihm4o mode range of the instrumentation amplifier 
extends from below “ground” to beyond the positive 

'-^y^jf^^eii'ce voltage. 

%Jlrbvisio:^ for transducer excitation includes a 6.2V reference 
outp|ft ahd auxiliary amplifier which may be configured 
,i>^fdF^ha^br current output as well as signal amplification, 
circuit configuration permits simple linearization of 

I ’^^ridge, RTD, and other transducer signals. 

7. The chip provides a monitored output to drive an external 
pass transistor. This feature offloads power dissipation to 
extend the temperature range of operation and to minimize 
self-heating errors. 

8. Laser trimming at the wafer stage results in low unadjusted 
errors and affords precalibrated input and output spans. 

OUTLINE DIMENSIONS 

Dimensions shown in inches and (mm). 


represents low-level signals from a variety of transducers, such 
as RTD’s, bridges, and pressure transducers, the monolithic 
AD693 offers the most cost-effective signal conditioning solution. 
For these reasons, the device is recommended for a variety of 
applications in process control, factory automation and system 
monitoring. 

The AD693 is packaged in a 20-pin hermetic DIP and specified 
over the - 40°C to + 85°C industrial temperature range. 
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APPLICATION/CONNECTION INFORMATION 



V|N 

0 TO 30mV 



Minimal Connection for 0-30mV Unipolar Input, 4-20mA 
Output 


V,N 0 TO 30mV 


V|N 

0 TO 30mV 



M w R R ri?i H 



Using an External Pass Transistor to Minimize Self-Heating Local-Powered Operation with 0-37.5mV Unipolar Input 
Errors and 0-20mA Output 




Utilizing the Aux Amp to Drive a Load Cell 


Direct RTD to 4-20mA Interface 
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□ ANALOG 

DEVICES Low Cost, High-Speed BIFET Op Amp 


AD711 


FEATURES 

Improved Replacement for LF411 

AC PERFORMANCE: 

Settles to 0.01% in 1p,s 

Slew Rate (Unity Gain): 18V/ps min (AD711K) 

Small Signal Bandwidth: 4MHz 

DC PERFORMANCE: 

Low Offset Voltage: 0.25mV max (AD711C) 

Low Offset Voltage Drift: 5pV/X max (AD711C) 
Low Bias Current: 25pA max (AD711C) 

High Open Loop Gain: 100,000 VA^ (lOOdB) min 
Low Noise: 3pV p-p, 0.1Hz to 10Hz max (AD711C) 

AVAILABLE IN PLASTIC, HERMETIC CERDIP AND 
HERMETIC HEADER PACKAGES 
MIL-STD-883B and PLUS Parts Available 
Dual Version Available: AD712 


AD711 PIN CONFIGURATION 

NC 



PRODUCT DESCRIPTION 

The AD711 is a high-speed, precision monolithic FET-input 
operational amplifier combining Analog’s expertise in precision 
op amp design and laser wafer trimming technology. The AD711’s 
high-speed, very low offset voltage and drift and low noise allow 
designers to easily upgrade existing designs using older precision 
BIFETs and, in many cases, bipolar op amps. 

This low cost op amp offers excellent ac and dc performance..^ 1 
With a slew rate of 18V/fxs and a settling time of l|xs to 0.01%, 
the AD711 is ideal as a buffer for 12-bit D/A and A/P Coh^t^s' 
and as a high-speed integrator. The AD7irs settling tii? 9 ,e is 
unmatched by any similar IC amplifier. The combinafibn of 
excellent noise performance and low input current also make it 
useful for photo diode preamps. The device’s CMRR of SOdB' . 
and open loop gain of 100,000V/V (lOOdB) ensui^ li-bit per¬ 
formance even in high-speed unity gain buffer circtuts. 

Devices are pinned out in a standard op amp configuration ari^ 
are available in six performance grades. The AD711J and AD71 IK 
are rated over the commercial temperature range of 0 to + 70®C. 
The AD711A, AD711B and AD711C are rated over the industrial 
temperature range of -WC to 4-85°C. The AD711S is specified 
over the military temperature range of -5S°C to + 125®C; and 
is available processed to MIL-STD-883B, Rev C. Devices are 
available in an 8-pin CERDIP, Plastic Mini-DIP or a TO-99 
Metal Can. 


PRODUCT HIGHLIGHTS 

1. Analog Devices’ advanced processing technology and 100% 
testing guarantees a low input offset voltage (O.SOmV max, C 
grade, 3.0mV max, A grade). Offset voltage is specified in 
the w^med-up condition. Analog Devices’ proprietary laser 
dfift trinuning process reduces offset voltage drifts to 
max on the AD712C. 

^ p^cision dc performance, the AD712 offers 

excdyient response. It settles to 0.01% in l|xs and 

^ hj^ a ^^f^teed and 100% tested minimum slew rate of 

4 making this device ideal for applications requiring a 

f J >i cdmbination of superior ac and dc performance, such as 
DAC buffers. 

3. Ouaraii^ed and tested maximum voltage noise of 3)xV p-p, 
0.1 to lOHz (AD712C) enhances AD712’s performance as a 
- 4v <^al precision op amp. 

§4 4. Analog Devices’ well-matched, ion-implanted JFETs ensure 
a guaranteed input bias current (at either input) of 25pA max 
(AD712C) and input offset current of lOpA max (AD712C). 
Input bias current and input offset current are guaranteed 
with the devices fully warmed-up at an ambient temperature 
of25"C. 

5. The AD712 offers excellent overall performance at very 
competitive prices. It may be used as an automatic upgrade 
or alternate source for all grades of the LF412. 
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SPECIFICATIONS (@ +25*t: and Vj 


±15V dc unless otheiwise specified) 



ad71ij/a;s 

AD711K/B 

AD711C 


Model 

Min Typ Max 

Min Typ Max 

Min Typ Max 

Units 

OPEN LOOP GAIN’ 





VouT= ±10V,Ri:>2kn 

100,000 

100,000 

100,000 

V/W 

Ta = min to max Rl s:2kft 

100,000 

100,000 

100,000 

w/w 

OUTPUT CHARACTERISTICS 





Voltage @ Rl ^ 2kft Tmin to Tnua 

±11 ±13 

±11 ±13 

±11 ±13 

V 

Shon Circuit Current 

25 

25 

25 

mA 

FREQUENCY RESPONSE 





Unity Gain Small Signal 

4 

4 

4 

MHz 

Full Power Response 

200 

200 

200 

kHz 

Slew Rate, Unity Gain 

.16 20 

18 20 

18 20 

V/|xs 

Settling Time to 0.01% 

1 

1 

1 

|XS 

Total Harmonic Distortion f = IkHz 





RL^2kn,Vo = 3Vrms 

0.0025 

0.0025 

0.0025 

% 

INPUT OFFSET VOLTAGE^ 





Initial Offset 

2.0 

0.5 

0.25 

mV 

Input Offset Voltage Over Temp 

4.0 

2.0 

1.0 

mV 

Input Offset Voltage vs. Temp 

20 

10 

5 

p.V/“C 

Input Offset Voltage vs. Supply 

74 

76 

80 

dB 

T„a„toT„«, 

74 

76 

80 

dB 

INPUT BIAS CURRENT^ 





Either Input, Vcm=0 

25 50 

20 50 

20 25 

pA 

Either Input, Vqm + lOV to - lOV 

100 

100 

50 

pA 

Input Offset Current 

10 25 

5 25 

5 10 

pA 

INPUT IMPEDANCE 





Differential 

10’2||6 

10’2|16 

10’2||6 

mipF 

INPUT VOLTAGE RANGE'’ 





Differential 

±20 

±20 

±20 

V 

Common-Mode Voltage 





Over Max Operating Range 

-Vs+4V +Vs“4V -Vs+4V +4s-4V-Vs+4V +Vs~4V 

V 

Common-Mode Rejection, 





ViN = >10V,T„untoT,n« 

74 

76 

80 

dB 

INPUT NOISE 





Voltage, O.lHz to lOHz 

1.5 

1.5 

1.5 3.0 

M-Vp-p 

f= lOHz 

35 

35 

35 

nV/V^ 

f = lOOHz 

22 

22 

22 

nV/VHz 

f= IkHz 

18 

18 

18 

nV/vIlz 

f = lOkHz 

16 

16 

16 

nV/VHz 

EQUIVALENT INPUT NOISE 





CURRENT® f= IkHz 

0.01 

0.01 

0.01 

pA/Vm 

POWER SUPPLY 





Rated Performance 

±15 

±15 

±15 

V 

Operating Range 

±4.5 ±18 

±4.5 ±18 

±4.5 ±18 

V 

Quiescent Current 

2.5 3.4 

2.5 3.0 

2.5 2.8 

mA 

TEMPERATURE RANGE 





Operating, Rated Performance 





Commercial (0 to + 70®C) 

AD711J 

AD711K 



Industrial (- 40‘‘C to + 85“C) 

AD711A 

AD711B 

AD711C 


Military(-55“Cto + 125°C) 

AD711S 




STORAGE 

-65 +150 

-65 +150 

-65 +150 

warn 

PACKAGE OPTIONS 

J: Plastic (AD712JN)N8A 

K: Plastic (AD712KN) N8A 




A: Cerdip (AD712AQ) Q8A 

B:Cerdip(AD712BQ)Q8A 

C: Cerdip (AD712CQ)Q8A 



Header (AD712AH) H08B 

Header (AD712BH) H08B 

Header (AD712CH) H08B 



S: Cerdip (AD712SQ)Q8A 





Header (AD712SH) H08B 





NOTES 

’Open Loop Gain is specified with Vos both nulled and uimuUed. 

^Input Offset Voltage specifications are guaranteed after 5 minutes of operation at = + 25“C, 

^Bias Current specifications are guaranteed maximum at either input after S minutes of operation at Ta = + 2S'’C. 
For higher temperatures, the current doubles every 10®C, 

^Defined as voltage between inputs, such that neither exceeds ± lOV from ground. 


Specifications subject to change without notice. 


Specifications shown in boldface are tested on all production units at fmal 
electrical test. Results from those tests are used to calculate outgoing quality 
levels. All min and max specifications are guaranteed, although only those 
shown in boldface are tested on all production units. 
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FEATURES 

Improved Replacement for LF4‘I2 

AC PERFORMANCE: 

Settles to 0.01% in Ips 

Slew Rate (Unity Gain): 18V/ps min (AD712K) 

Small Signal Bandwidth: 4MHz 

DC PERFORMANCE: 

Low Offset Voltage: 0.5mV max (AD712C) 

Low Offset Voltage Drift: 5pVrC max (AD712C) 
Low Bias Current: 25pA max (AD712C) 

High Open Loop Gain: 100,000 VA/ (lOOdB) min 
Low Noise: 3pV p>p, 0.1Hz to 10Hz max (AD712C) 

AVAILABLE IN PLASTIC, HERMETIC CERDIP AND 
HERMETIC HEADER PACKAGES 
MIL-STD-883B and PLUS Parts Available 


AD712 PIN CONFIGURATION 


3 




PRODUCT DESCRIPTION 

The AD712 is a high-speed, dual precision monolithic FET-input 
operational amplifier combining Analog’s expertise in precision 
op amp design and laser wafer trimming technology. The AD712’s 
high-speed, very low offset voltage and drift and low noise allow 
designers to easily upgrade existing designs using older precision^ 
BIFETs and, in many cases, bipolar op amps. 

This low cost op amp offers excellent ac and dc perform^^^^ - 
With a slew rate of 18V/|xs and a settling time to 

the AD712 is ideal as buffers for 12-bit D/A i^^hVerter^^ 

and as high-speed integrators. The AD7|^*s^ti(|ig time is 
unmatched by any similar IC ampl^rl^^Tl^ c8tnfeinati<^'flT ^ 
excellent noise performance and low i^'^ut Sirrenjt^ldsp 
useful for photo diode preamps. The device*)^^Ml® b|^fiffl3 
and open loop gain of 100,000VA^ (lOOdB) ens^^ l^it per- ’ 
formance even in high-speed unity gain buffer circuits. 

Devices are piimed out in a standard op amp configuration and 
are available in six performance grades. The AD712J and AD712K 
are rated over the commercial temperature range of 0 to + 70®C. 
The AD712A, AD712B and AD712C are rated over the industrial 
temperature range of -WC to +85®C. AD712S is specified 
over the military temperature range of - 55°C to 4- 125°C; and 
is available processed to MIL-STD-883B, Rev C. Devices are 
available in an 8-pin CERDIP, Plastic Mini-DIP or a TO-99 
Metal Can. 


PRODUCT HIGHLIGHTS 

1. Analog Dev4cfS? advanced processing technology and 100% 
testing .^^|ant^s a low input offset voltage (0.25mV max, C 
gr|^e, mJix, A grade). Offset voltage is specified in 

^|th4f^|tiiisd-up condition. Analog Devices’ proprietary laser 
drift trmmiing process reduces offset voltage drifts to 
\%VrC i|^_%the.AD711C. 

^2. Al|^|%idb^|)fecision dc performance, the AD711 offers 
dynamic response. It settles to 0.01% in lp,s and 
^aranteed and 100% tested minimum slew rate of 
%^^%V/jJLS^ 9 iaking this device ideal for applications requiring a 
c^o^inmfl^ of superior ac and dc performance, such as 
bikers. 

l^^ari^teed and tested maximum voltage noise of 3 |jlV p-p, 

I - 0.1 to lOHz (AD711C) enhances AD7irs performance in 
low noise applications. 

4. Analog Devices’ well-matched, ion-implanted JFETs ensure 

a guaranteed input bias current (at either input) of 25pA max 
(AD711C) and input offset current of lOpA max (AD711C). 
Input bias current and input offset current are guaranteed 
with the devices fully warmed-up at an ambient temperature 
of 25°C, 

5. The AD711 offers excellent overall performance at very 
competitive prices. It may be used as an automatic upgrade 
or alternate source for all grades of the LF411. 
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SPECIFICATIONS (@ +25°C and Yj 


±15V dc unless othenwise specified) 



AD712J/A/S 

AD712K/B 

AD712C 


Model 

Min Typ Max 

Min Typ Max 

Min Typ Max 

Units 

OPEN LOOP GAIN* 





VouT= ±10V,RL^2ka 

100,000 

100,000 

100,000 

WIV 

Ta = min to max Rl S:2kn 

100,000 

100,000 

100,000 

vrv 

OUTPUT CHARACTERISTICS 





Voltage @ Rl ^ 2kft TnUn to Tmax 

±11 ±13 

±11 ±13 

±11 ±13 

V 

Short Circuit Current 

25 

25 

25 

mA 

FREQUENCY RESPONSE 





Unity Gain Small Signal 

4 

4 

4 

MHz 

Full Power Response 

200 

200 

200 

kHz 

Slew Rate, Unity Gain 

16 20 

18 20 

18 20 

V/^LS 

Settling Time to 0.01% 

1 

1 

1 

|XS 

Total Harmonic Distortion f = IkHz 





RLs2kn,Vo = 3Vrms 

0.0025 

0.0025 

0.0025 

% 

INPUT OFFSET VOLTAGE^ 





Initial Offset 

3.0 

1.0 

0.5 

mV 

Input Offset Voltage Over Temp 

4.0 

2.0 

1.0 

mV 

Input Offset Voltage vs. Temp 

20 

10 

5 

iiwrc 

Input Offset Voltage vs. Supply 

74 

76 

80 

dB 

TmintoTniax 

74 

76 

80 

dB 

INPUT BIAS CURRENT^ 





Either Input, Vcm = 0 

25 50 

20 50 

20 25 

pA 

Either Input, Vcm + lOV to - lOV 

100 

100 

50 

pA 

Input Offset Current 

10 25 

5 25 

5 10 

pA 

INPUT IMPEDANCE 





Differential 

10***||6 

I0‘^|6 

10*2||6 

n||pF 

INPUT VOLTAGE RANGE'* 





Differential 

±20 

±20 

±20 

V 

Common-Mode Voltage 





Over Max Operating Range 

-Vs+4V +Vs-4V -Vs+4V +4s-4V 

-Vs±4V ±Vs-4V 

V 

Common-Mode Rejection, 





ViN = >10V 

74 

76 

80 

dB 

INPUT NOISE 





Voltage, 0. IHz to lOHz 

1.5 

1.5 

1.5 3.0 

M-Vp-p 

f = lOHz 

35 

35 

35 

nViVm 

f = lOOHz 

22 

22 

22 

nV/Vifc 

f = IkHz 

18 

18 

18 

nV/VHz 

f = lOkHz 

16 

16 

16 

nVlVni 

EQUIVALENT INPUT NOISE 





CURRENT® f= IkHz 

0.01 

0.01 

0.01 

pA/y/Hz 

POWER SUPPLY 





Rated Performance 

±15 

±15 

±15 

V 

Operating Range 

±4.5 ±18 

±4.5 ±18 

±4.5 ±18 

V 

Quiescent Current 

2.5 6.8 

2.5 6.0 

2.5 5.6 

mA 

TEMPERATURERANGE 





Operating, Rated Performance 





Commercial (0 to + 70°C) 

AD712J 

AD712K 



Industrial (- 40°C to + 85°C) 

AD712A 

AD712B 

AD712C 


Maitary(-55°Cto + 125°C) 

AD712S 




STORAGE 

-65 ±150 

-65 ±150 

-65 ±150 

“C 

PACKAGE OPTIONS 

J: Plastic (AD712JN)N8A 

K: Plastic (AD712KN) N8A 




A: Cerdip (AD712AQ) Q8A 

B: Cerdip (AD712BQ) Q8A 

C: Cerdip (AD712CQ) Q8A 



Header (AD712AH) H08B 

Header (AD712BH) H08B 

Header (AD712CH) H08B 



S: Cerdip (AD712SQ)Q8A 





Header (AD712SH)H08B 





NOTES 

‘Open Loop Gain is specified with Vos both nulled and unnulled. 

^Input Offset Voltage specifications are guaranteed after 5 minutes of operation at Ta = + 25°C. 

^Bias Current specifications are guaranteed maximum at either input after 5 minutes of operation at Ta = + 25°C. 
For higher temperatures, the current doubles every 10°C. 

‘‘Defined as voltage between inputs, such that neither exceeds ± lOV from ground. 


Specifications subject to change without notice. 

Specifications shown in boldface are tested on all production units at final 
electrical test. Results from those tests are used to calculate outgoing quality 
levels. All min and max sp>ecifications are guaranteed, although only those 
shown in boldface are tested on all production units. 
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ANALOG 

DEVICES 


Microprocessor - Compatible 
16-Bit D/A Converter 



FEATURES 
Low Nonlinearity 
Differential: ±0.00076% max 
Integral: ±0.00076% max 
Differential TC: ±1ppm/X max 
Fast Settling 

Full Scale: ISpsto ±0.00076% 

LSB: 3psto ±0.00076% 

Low Power: 375mW Including Reference 
Functionally Complete 

Internal Reference, Output Voltage Amplifier, 
Input Latches and 8-Bit Latched Input DACs 
for Offset and Gain Correction. 

Full Four Quadrant Multiplying 
Low Cost 

APPLICATIONS 
Automatic Test Equipment 
Scientific Instrumentation 



Beam Positioners 
Robotics 

Graphics Displays 
GENERAL DESCRIPTION 

The ADI 147 and ADI 148 are 16-bit resolution, hybrid, latched 
input, digital-to-analog converters. Their two 8-bit latched input 
DACs allow direct offset and gain correction via microprocessor 
interface. 

The ADI 147 and ADI 148 are constructed as hybrids in a compact, 
32-pin, triple wide dual-in-line package. Precision CMOS switcte " 
and a laser-trimmed thin-fllm resistor network are used to provide, 
16-bit accuracy and excellent temperature stability. 

The Main (16-bit) DAC is loaded as a 16-bit word. The offset 
and gain correction DACs are each loaded as 8-bit words. The 
ADI 147 multiplexes both correction DACs’ inputs with the 
Main DAC’s eight LSBs. This pin sharing allows for additional 
pin connections providing: external reference inpuV a current 
output and feedback resistors for voltage output ranges of 0 teif "" 
+ 5V, 0 to + lOV, + 5V and + lOV. 


8-BIT LATCHED \ 
VOLTAGE OUT DAC ) 
(OFFSET ADJUST) / 


8-BITLATCHED \ 
VOLTAGE OUT DAC 
^GAfMADJUST) / 


The ADI 148 correction DACs’ inputs are separate from the 
Main DAC’s. The gain correction DAC’s inputs are multiplexed 
with the offset DAC’s 8-bit inputs. This allows for a separate 8- 
bit bus interface with the correction DACs - common in appli¬ 
cations such as Automatic Test Equipment. 
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SPECIFICATIONS 


(typical @ +251! and rated supplies unless ottiemnse specified) 


MODEL 

AD1147 

AD1148 

RESOLUTION 

16 Bits 

★ 

ACCURACY 

Integral Nonlinearity 

± 0.00076% FSR^ (max) 

± 0.00076% FSR^typ) 

Differential Nonlinearity 

± 0.00076% FSR^ (max) 

±0.00076% FSR* (typ) 

Monotonic (16 Bits) 

Guaranteed 

★ 

Offset 

Adjustable to Zero 

★ 

Gain 

Adjustable to Full Scale 

★ 

STABILITY 

Differential Noiilinearity 

± lppm/°C (max) 

★ 

Offset 

± 20|xV/®C (max) 

*★ 

Bipolar Offset 

± 6ppm/®C (max) 

it 

Gain (Includes Int. Ref.) 

± 10ppm/°C (max) 

★ 

REFERENCE VOLTAGE 

Output Voltage 

-l-lO.OOV, ±0.3%(max) 

A* 

Output Current 

2mA (max) 

★★ 

Ext. Ref Voltage Range^ 

- 12 V to + 12 V 

★★ 

Input Resistance 

12kn 


DYNAMIC PERFORMANCE 

Settling Time to ±0.00076% 

Voltage, Full-Scale Step 

20|xs 

* 

Voltage, LSB Step 

3|xs 

★ 

Current 

2|xs 


DIGITAL INPUT CODES 

5 Volt CMOS/TTL Compatible 


Main DAC 

Unipolar 

Binary (BIN) 


Bipolar 

Offset Binary (OBN) 

A 

Correction DACs 

Binary (BIN) 

★ 

ANALOG OUTPUT 

Voltage 

+ 5V,-blOV, ±5V, ±10V 

±10V 

Current 

- 2mA, ± 1mA 


Voltage Compliance 

±500mV 

AA 

Noise(lOOkHzBW) 

60(jiV rms 

A 

POWER REQUIREMENTS 

Voltage (Rated Performance) 

±15V(±5%) 

A 

Voltage (Operating) 

±12.5Vto±17V 

★ 

Supply Current Drain 

± 15m A (max) 

A 

Total Power @Vs == ± 15 V 

375mW 

A 

POWER SUPPLY SENSITIVITY 

Offset ± lOppnW 

A 

Gain 

± lOppmA^ 

A 

OFFSET ADJUSTMENT 

Range 

±0.05%FSR 

A 

Resolution (@ ± lOV) 

1/4LSB 

A 

GAIN ADJUSTMENT 

Range (Unipolar/Bipolar) 

± 0.2% FSR V ± 0.1% FSR* 

NA/* 

Resolution (Unipolar/Bipolar) 

1LSB/1/2LSB 

NA/* 

TEMPERATURE RANGE 

Rated Performance 

-25°Cto+85X 

A 

Storage Temperature 

-40Xto-f-100°C 

A 

Relative Humidity 

Meets MIL-STD-202E, Method 103B 

A 

SIZE 

2.00" X 1.17" X 0.225" (all maximums) 
(50.8 X 29.7 X 5.7mm) 



NOTES 

^Specifications same as ADI 147. 

**AD1148 does not provide pin connections to current output, reference input, reference output or the 
internal feedback resistors. Output voltage range is fixed at ± lOV. 

‘FSR means Full-Scale Range. 

^Rated performance is specified with + lOV reference. 

Specifications subject to change without notice. 


OUTLINE DIMENSIONS 

Dimensions shown in inches and (mm). 


rr- 1.17(29.7)IVIAX- 


DAC1147/DAC1148 




- 0.010 {0.25) X 
0.02010.51) 
0.025 (0.6) rectangular 
MAX 




* PIN 1 LOCATION IS IDENTIFIED BY A WHITE DOT 
ON THE TOP SURFACE. 



ADU47 PIN DESIGNATIONS 


PIN 

FUNCTION 

PIN 

FUNCTION 

1 

+ Vs 

32 

Vo 

2 

PGND 

31 

lOk 

3 

-Vs 

30 

5k 

4 

AMPIN 

29 

10k 

5 


28 

REFIN 

6 

MONO 

27 

rE'fout 

7 

WR/M 

26 

MGND 

8 

WR/C 

25 

0/G 

9 

MSB 

24 

B16/CB8 

10 

B2 

23 

B15/CB7 

11 

B3 

22 

B14/CB6 

12 

B4 

21 

B13/CB5 

13 

B5 

20 

B12/CB4 

14 

B6 

19 

B11/CB3 

15 

B7 

18 

B10/CB2 

16 

B8 

17 

B9/CMSB 


AD1148 PIN DESIGNATIONS 


PIN 

FUNCTION 

PIN 

FUNCTION 

1 

+ Vs 

32 

Vo 

2 

PGND 

31 

MGND 

3 

-Vs 

30 

WR/M 

4 

MSB 

29 

WR/C 

5 

B2 

28 

0/G 

6 

B3 

27 

CBS 

7 

B4 

26 

CB7 

8 

B5 

25 

CB6 

9 

B6 

24 

CB5 

10 

B7 

23 

CB4 

11 

B8 

22 

CB3 

12 

B9 

21 

CB2 

13 

BIO 

20 

CMSB 

14 

B11 

19 

B16 

15 

B12 

18 

B15 

16 

B13 

17 

B14 
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ANALOG OUTPUT RANGE 

The ADI 148 is internally connected for ±10 volts output 
range. 

The ADI 147 is pin programmable to provide a variety of analog 
outputs, either current or voltage. A unipolar output current of 
0 to -2mA is available at pin 5, and can be offset by 1mA (by 
connecting pin 28 to pin 29) for a bipolar output of ± 1mA. 
Output voltage ranges (+ 5V, + lOV, ± 5V and ± lOV) are 
available at pin 32 by connecting the current output (pin 5) to 
the amplifier input (pin 4) and the appropriate internal feedback 
resistors to the amplifier output (pin 32) as shown in Figure 1. 



±5V ±iov 


Figure 1. AD 1147 Analog Output Range Pin Programming 

TIMING DIAGRAM 

The timing requirements for the models ADI 147 and ADI 148 
are shown in Table I. The timing diagrams for the MAIN 16-bit 
DAC and the 8-bit Correction DACs are shown in Figure 2. 

The three control lines operate as follows; 

WR/M is the write line for the main DAC. The latches are 
transparent when the write line is low, and latched when the 
write line goes high. 

WR/C is the write line for the correction DACs. Operation is 
the same as above. 

O/G selects between the offset correction DAC and the gain 
correction DAC. A high level on this pin selects the offset DAC. 
A low level selects the gain DAC. 


SYMBOL 

PARAMETER 

REQUIREMENT 

Main DAC 

tDS 

Data Setup Time 

140ns min 

tOH 

Data Hold Time 

10ns min 

twR 

Write Pulse Width 

250ns min 

Correction DACs 


tcs 

O/G To Write Setup Time 

200ns min 

tCH 

O/G To Write Hold Time 

20ns min 

tos 

Data Valid To Write 

110ns min 

tDH 

Setup Time 

Data Valid To Write Hold 

0ns min 

tWR 

Write Pulse Width 

100ns min 


Table I. Timing Requirements 



MAIN DAC WRITE CYCLE TIMING DIAGRAM 



NOTES; 

1. ALL INPUT SIGNAL RISE AND FALL TIMES MEASURED FROM 
10% to 90% of Vdd • Vdd= +5V, t„=tF = 20ns. 

2. TIMING MEASUREMENT REFERENCE LEVEL IS 


Figure 2. AD 7 147 and AD 1148 Timing Diagrams 


OFFSET AND GAIN CALIBRATION 

Initial offset and gain errors can be adjusted to zero using the 
two internal 8-bit calibration DAC’s. There are three control 
lines used in the calibration sequence: WR/M is the write line 
for the Main (16-bit) DAC - the latches are transparent when 
the w rite line is low, and latched when the write line goes high; 
WR/C i s the write line for the correction DACs and operates the 
same as WR/M; O/G selects between the offset correction DAC 
and the gain correction DAC - a high level on this pin selects 
the offset DAC and a low level selects the gain DAC. 

Offset and Gain calibrations are performed as follows: 

1. With WR/M low, set the digital inputs of the Main DAC to 
“000....00” (in unipolar mode) or “100....00” (in bipolar 
mode). 

2. Set WR/M high to latch the digital input into the Main 
DAC. 

3. With WR/C low and O/G high, adjust the digital inputs of 
the offset correction DAC until the Main DAC’s output 
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voltage (pin Vq) is as close to 0.000000 volts as possible. 

Note that incrementing the digital input produces a more 
negative voltage output. 

4. Set WR/C high to latch the digital input into the offset correction 
DAC. 

5. With WR/M low, set the digital input of the Main DAC to 

“ 111 .... 11 ”. 

6. Set WR/M high to latch the digital input into the Main 
DAC. 

7. With WR/C low and 0/G low, adjust the digital inputs of the 
gain correction DAC until the Main DAC’s output voltage 
(pin Vo) is as close as possible to the positive full-scale voltage 
shown below in Table II. Note that incrementing the digital 
input produces a more negative voltage output. 

8. Set WR/C high to latch the digital input into the gain correction 
DAC. 

9. Calibration is complete. Set WR/M low and begin/resume 
normal digital-to-analog conversion via the Main DAC. 

Output Voltage Range Positive Full-Scale Voltage 

0 to + 5 volts + 4.999924 volts 

0 to + 10 volts + 9.999847 volts 

± 5 volts + 4.999847 volts 

± 10 volts + 9.999695 volts 


Table H. Gain Calibration 

GROUNDING AND GUARDING 

The current from the measurement ground pin (MGND) is 
constant, independent of digital input, for ease of making meas¬ 
urements. This is the high quality ground for the ADI 147 and 
ADI 148. It should be connected to the high quality ground in 
the application. Power ground (PGND) should be connected to 
measurement ground (MGND) at the measurement point. 

The current output pin (Iq) of the ADI 147 is sensitive to inter¬ 
ference from the digital input lines. It should be surrounded by 
a grounded guard at all times. When using the ADI 147 in the 
voltage output mode, both the “Iq” and “AMP IN” pins should 
be guarded (see Figure 3). 


output-amplifier’s input connection short and surrounded by a 
grounded guard. To avoid degrading the gain drift performance 
of the DAC, always use the internal feedback resistors, since 
they are matched to the internal current weighting resistors of 
the DAC. It is also good practice to connect the negative input 
(Pin 4, AMP IN) of the unused internal output amplifier to its 
output (Pin 32, Vo)- 

The current drift of the ADI 147 is typically 350pA/°C from 
+ 15®C to 4 - 35°C. When using the AD OP-07, the total offset 
drift of the output signal will typically be less than 2|xV/°C. 

As a second example, a high output current amplifier can be 
connected to the ADI 147 to create a programmable power supply. 
The configuration is the same as shown for the AD OP-07C in 
Figure 4. 



Figure 4. Precision DA C with ±8.192 F. S. Output 
Voltage 


FULL FOUR-QUADRANT MULTIPLYING DAC 

The ADI 147 is a full four-quadrant multiplying DAC and can 
be used with references varying between +12 and - 12 volts. 
Typical linearity vs. external reference voltage is shown in Figure 
5. Output voltage ranges other than those provided can be obtained 
by connecting the appropriate reference voltage to “REF IN” 
(Pin 28), (see Figure 4). The DAC output voltage can be calculated 
as follows: 


AD1147 AD1147 

EXTERNAL 



Figures. Typical Guarding Techniques 

EXTERNAL AMPLIFIER FOR LOW DRIFT VOLTAGE 
OUTPUT OR HIGH OUTPUT CURRENT 

The internal output amplifier of the ADI 147 is designed for 
high-speed applications that require fast settling times. An external 
precision operational amplifier like the AD OP-07C can be 
applied when lower offset (less than 20|xV/°C) is important (see 
Figure 4). Simply connect the current output (Pin 5) to the 
inverting input of the amplifier and connect the proper feedback 
resistors as shown in Figure 1. Be certain to keep the current 


UNIPOLAR Vo 


DIGITAL INPUT 
216 


X X Rfb 

5k 


BIPOLAR Vo 


DIGITAL INPUT 
216 


X^XR, 


10k 


DIFFERENTIAL 



0 2 4 6 8 10 12 


POSITIVE OR NEGATIVE REFERENCE VOLTAGE 

Figure 5. Typical Differential Linearity vs. External Re f¬ 
ence Voltage 
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Applications 


8-BIT MICROPROCESSOR INTERFACE 

The ADI 147/AD 1148 can easily be operated with an 8-bit bus 
by the addition of an octal latch. The 16-bit Main DAC is loaded 
from the 8-bit bus as two 8-bit bytes. Figure 6 shows the con¬ 
figuration when using a 74HC573 octal latch. 

The eight most significant bits are latched into the 74HC573 by 
setting the “latch enable” control line low. The eight least sig¬ 
nificant bits are then placed on the bus. Now all sixteen bits c an 
be simultaneously latched into the Main DAC by setting WR/M 
high. 

The offset and gain correction DAC’s are calibrated as they 
were for 16-bit microprocessor applications. See the “OFFSET 
AND GAIN CALIBRATION” section of this data sheet. 




Figure 6. Connections for 8-Bit Bus Interface 


AUTOMATIC TESTING OF 12-BIT ADC’S AND DAC’S 

The ADI 147 and ADI 148 can be used as a reference DAC to 
automatically test the integral and differential linearity of 12-bit 
ADCs and DACs. An ideal reference DAC should be an order 
of magnitude more accurate than the devices to be tested. The 
ADI 147 and ADI 148 are sixteen times more accurate than the 
devices to be tested and therefore can be considered ideal. 

The general test procedures for ADCs and DACs are shown 
below. Before actual testing proceeds, calibrate the offset and 
gain of the ADI 147 or ADI 148 (see “OFFSET AND GAIN 
CALIBRATION” section of this data sheet). 

ADC TESTING (refer to Figures 7 and 8). 

The differential nonlinearity of ADC’s is the difference between 
the actual code widths of the analog input voltage vs. the ideal, 
one LSB, code widths of a perfect converter. A code width is 
the range of analog input voltage which produces the desired 
digital output word. 


A code width can be measured by determining the analog input 
voltage at which the transition occurs from the code under test 
to its next lower digital output code and then differencing that 
analog value with the same determined for the transition from 
the code under test to its next higher digital output code. 

Virtually all converters exhibit a degree of noise. This will necessi¬ 
tate an averaging technique to determine the analog input value 
for a code transition - where a reduction in analog input voltage 
produces a majority of the lower digital code decisions and an 
analog input increase produces a majority of the higher digital 
code decisions. 

Begin testing by calibrating the offset and gain of the ADC 
under test per the manufacturer’s instructions. Set the digital 
inputs of the reference DAC to the nominal value of the desired 
transition edge (produces an analog input to the device under 
test that is either 1/2LSB below or 1/2LSB above the ideal analog 
input for the code under test). Increment or decrement this 
digital input until the Device Under Test (D.U.T.) outputs the 
digital code below, the transition 50% of the time and the digital 
code above the transition 50% of the time. Record this digital 
input and repeat the procedure for the next transition of the 
nominal code to be measured. Compare this second digital input 
with the recorded input. The difference between these two 
digital values is the width of the code being measured. A perfect 
code width is 16 counts of the reference DAC. Each count 
more, or less than 16, corresponds to a differential linearity 
error of 1/16LSB for the D.U.T. The arithmetic average of the 
two digital input values is the center of the code being tested. 
Each count of difference between this actual code center and the 
ideal, nominal code center represents an integral linearity error 
of 1/16LSB. 



NEW PRODUCTS ^ ICs 3-171 








DIGITAL CODE COUNT OF 16-BIT REFERENCE DAC, AND {12-BIT ADC) 



VOLTAGE, IN LSBS r« 12-BITS 

Figure 8. 12-Bit ADC Linearity Testing 


DAC TESTING (refer to Figure 9). 

To test 12-bit DACs begin with offset and gain calibration of 
the DAC under test per the manufacturer’s instructions. Set the 
digital inputs of the reference DAC and the D.U.T. to the 
desired code. Latch this digital input into the reference DAC. 
The DACs’ outputs are differenced and amplified by an AD524A 
instrumentation amplifier. The voltage error between the DACs 
is the integral linearity error. 

Now null the meter and then increment or decrement the digital 
input to the D.U.T. only, by one LSB. The meter reading will 
correspond to the code width of the new digital input word. 

The deviation of this voltage from the ideal value of one LSB is 
the differential linearity error of the D.U.T. 
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ANALOG 

DEVICES 


► 


FEATURES 

Low Nonlinearity: ±0.001% 

Microcomputer - Based Design 
Programmable Integration Time: 1 to 350ms 
with Usable Resolution up to 18 Bits 
Programmable Output Data Format 
Auto-Zeroed Operation and Electronic Calibration 
(No External Trims) 

Microprocessor Compatible Interface 
High Normal-Mode Rejection: 54dB at 60Hz, 

60dB at 50Hz 

APPLICATIONS 
Data Acquisition System 
Scientific Instruments 
Medical Instruments 
Weighing Systems 
Automatic Test Equipment 


GENERAL DESCRIPTION 

The ADI 170 is a high resolution integrating A/D converter 
intended for applications requiring high accuracy and throughput 
at low cost. A novel conversion architecture is employed to 
provide the user with outstanding accuracy, stability and ease of 
use. 

The AD 1170 contains a complete microcomputer based 
urement subsystem, composed of three major elements: 
precise charge balancing converter, a single clupThicToc^j^uter,, 
and a custom CMOS controller chip. Thj^AjPtI7b oifes inde-% 
pendently programmable integrationjdj^^.^li^ millisecond 
to 350 milliseconds) and data formajt (^s%. binary ^o*s^. % 
complement, from 7 to 22 bits). The ^nverterj^A^y ad%|?ifoed 
and exhibits a span drift of 5ppm/°C, assuriri^^tablj^^fi^curate 
readings. % 

The ADI 170 interfaces to the user system via an 8-bit micro- '' 
processor compatible data bus. The AD1170’s advanced features 
are controlled via simple commands sent to it via this bus. 


The converter utilizes surface mount technology and is housed 
in a small 1.2"x 2.5"x 0.55" package. It operates from ± 15V dc 
and + 5V dc power. 


High Resolution, Programmable, 
Integrating A/D Converter 


_ ADIUQ 

AD1170 FUNCTIONAL BLOCK DIAGRAM 



PRODUCT HIGHLIGHTS 

1. The ADl lTO^ linlike dual slope converters, offers the user 
the ca^1>0ty 6|,programming the integration time by selecting 
o|||\^f ^yeh present integration periods or by loading an 
^ integration period over the interface bus. 

ADI 170^|rchitecture provides for user programmable 
% data fon^ftl.independent of the integration time. All data is 
c<|fefitited,tb 2i-bit resolution and the user may specify any 
from 7 to 22 bits. Usable resolution will typically 
limited to 18 bits due to measurement and calibration 
I *^oise ^por. 

3. p^r^d digital calibration eliminates the need for trim 
j^^ntidfneters. The calibration data is stored in an internal 
!j%|^on^olatile memory chip. 

If : The conversion rate is greater than 50 conversions per second 
when using 60Hz line cycle integration. The maximum con¬ 
version rate is greater than 250 conversions per second, using 
a one millisecond integration period. 

5. The ADI 170 contains an 8-bit microprocessor compatible 
interface structure with all necessary control lines. It may be 
interfaced to any microcomputer based system in a memory 


mapped or I/O mapped fashion. 
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SPECIFICATIONS 


Model 


RESOLUTION 


ACCURACY 
Integral Nonlinearity 


THROUGHPUT RATE 
Time (Integrate) = 1ms 
Time (Integrate) = 16.667ms 
Time (Integrate) = 100ms 


NOISE ERROR (peak-to-peak) 
Tint @ Tcal 
1ms 10ms 

16.667ms 100ms 

300ms 300ms 


STABILITY 

Gain 


POWER SUPPLY REJECTION 
RATIO 

(Span Error vs. Analog 
Supply Voltage) 


INPUT CHARACTERISTICS 
Analog Input Range 


(typical @ +25°C and Vs = ±15Y, % = +5V unless otherwise specified) 


AD1170 OUTLINE DIMl 

Min Typ Max Units Dimensions are shown ini 



OUTLINE DIMENSIONS 

Dimensions are shown in inches and (mm). 

Bits " 

■| 

1—1.24(314) MAX—M 


ppmFSR 



conv/sec 



conv/sec 


(63.SI 

MAX 

conv/sec 


1 



ppmFSR 

ppmFSR 

ppmFSR 



dc 

-5 +5 

Volts 

dc Plus Normal-Mode Voltage 

— 6 +6 

Volts 

Absolut Maximum 



(Without Damage) 

-30 +30 

Volts 

Normal-Mode Rejection 



(®60Hz 

54 

dB 

(®50Hz 

60 

dB 

Input Bias Current 

10 

nA 

Input Impedance 

100 

n 

DIGITAL LEVELS 



Inputs 



Low 

0.4 

Volts 

High 

2.4 

Volts 

Outputs 



Low (@ 4mA) 

0.45 

Volts 

High ((g) 100|xA) 

2.4 

Volts 

WARMUP TIME 

5 

Minutes 

POWER REQUIREMENTS 



+ Vs and - Vs 

9 15 18 

Volts 

+ Vd 

4.75 5 5.25 

Volts 

Supply Current Drain 



@ ±15V 

20 

mA 

@ +5V 

170 

mA 


TEMPERATURE RANGE 
Rated Performance 


0 +70 ‘’C 

1.24" X 2.5" X 0.55" max 
(31.4 X 63.5 xl4.0nim) 


NOTE 

^Noise error determines the usable resolution of the converter. Noise error is a function 
of Tint and Tcal j and improves as these times are lengthened. 

Specifications subject to change without notice. 



•FACTORY TEST ONLY; LEAVE UNCONNECTED 


PIN DESCRIPTIONS 


DTAROY When High, Indie 

Data Ready 

INT When High, Indie 


+ 15VI>wr I Positive Analog Power 
Supply 

ANA COM Analog Common; the 


REF OUT Output of Internal 

Reference Voltage 
REFADJ Used if Span 
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□ ANALOG LC^MOS 

DEVICES 8-Bit DAC With Output Amplifier 


AD7224 


FEATURES 

8-Bit CMOS DAC with Output Amplifier 
Operates with Single or Dual Supplies 
Low Total Unadjusted Error: 

Less than 1 LSB Over Temperature 
pP-Compatible with Double Buffered Input 
SmalL 0.3" Wide, 18-Pin DIP 


GENERAL DESCRIPTION 

The AD7224 is a precision 8-bit, voltage-output, digital-to-analog 
converter with output amplifier and double buffered interface 
logic on a monolithic CMOS chip. No external trims are required 
to achieve full specified performance for the part. 

The double buffered interface logic consists of two 8-bit registers- 
an input register and a DAC register. Only the data held in the 
DAC register determines the analog output of the converter. 

The double buffering allows simultaneous update in a system 
containing multiple AD7224"s. Both registers may be made 
transpa rent under control of three external lines, CS, WR and 
LDAC. With both registers transparent, the RESET line functions 
like a zero override; a useful function for system calibration 
cycles. All logic inputs are TTL and CMOS (5V) level compatible 
and the control logic is speed compatible with most 8-bit 
microprocessors. 

Specified performance is guaranteed for input reference voltages 
from +2V to + 12.5V when using dual supplies. The part is 
also specified for single supply operation using a reference of 
+ lOV. The output amplifier is capable of developing + lOV 
across a 2kD load. 

The AD7224 is fabricated in an all ion-implanted high speed 
Linear Compatible CMOS (LC^MOS) process which has been 
specifically developed to allow high speed digital logic circuits 
and precision analog circuits to be integrated on the same chip. 


AD7224 FUNCTIONAL BLOCK DIAGRAM 


Vref Vc 



Vss AGND DGND 


PRODUCT HIGHLIGHTS 

1. DAC and Amplifier on CMOS Chip: 

The single-chip design of the 8-bit DAC and output amplifier 
is inherently more rehable than multi-chip designs. CMOS 
fabrication means low power consumption (35mW typical 
with single supply). 

2. Low Total Unadjusted Error: 

The fabrication of the AD7224 on Analog Devices Linear 
Compatible CMOS (LC^ MOS) process, coupled with a novel 
DAC switch-pair arrangement, enables an excellent total 
unadjusted error of less than ILSB over the full operating 
temperature range. 

3. Single or Dual Supply Operation: 

The voltage-mode configuration of the AD7224 allows operation 
from a single power supply rail. The part can also be operated 
with dual supplies giving enhanced performance for some 
parameters. 

4. Versatile Interface Logic 

The high speed logic allows direct interfacing to most micro¬ 
processors. Additionally, the double buffered interface enables 
simultaneous update of the AD7224 in multiple DAC systems. 
The part also features a zero override function. 
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DUAL SUPPLY 


cPFnnrATinMC *®® = ®®““ = m ^ m = wod-w 

VI CUiriUllI iUliO unless otheiwise stated). All specifications to Tn^x unless otherwise noted. _ 


Parameter 

AD7224K,B,T2 

AD7224L,C,U2 

Units 

Conditions/Comments 

STATIC PERFORMANCE 





Resolution 

8 

8 

Bits 


Total Unadjusted Error^ 

±2 

±1 

LSBmax 

Vdd = + 15V ± 5%, Vref = + lOV 

Relative Accuracy^ 

±1 

±1/2 

LSBmax 


Differential Nonlinearity^ 

±1 

±1 

LSBmax 

Guaranteed Monotonic 

Full Scale Error^ 

±3/2 

±1 

LSB max 


Full Scale Temperature Coefficient 

±20 

±20 

ppm/°C max 

Vdd = 14V to 16.5 V, Vref = + lOV 

Zero Code Error 

±30 

±20 

mV max 


Zero Code Error Temperature Coefficient 

±50 

±30 

^iV/°Ctyp 


REFERENCE INPUT 





Voltage Range 

2to(VDD-4) 

2to(VDD-4) 



Input Resistance 

8 

8 



Input Capacitance'* 

100 

100 


Occurs when DAC is loaded with all Ts. 

DIGITAL INPUTS 





Input High Voltage, Vinh 

2.4 

2.4 

V min 


Input Low Voltage, Vinl 

0.8 

0.8 

V max 


Input Leakage Current 

±1 

±1 

(xAmax 

ViN = 0VorVDD 

Input Capacitance* 

Input Coding 

8 

Binary 

8 

Binary 

pFmax 


DYNAMIC PERFORMANCE 





Voltage Output Slew Rate* 

Voltage Output Settling Time* 

2.5 

2.5 

V/|xsmin 


Positive Full Scale Change 

5 

5 

|xs max 

Vref = + lOV; Settling Time to ± 1/2LSB 

Negadve Full Scale Change 

7 

7 

ixsmax 

Vref = + lOV; Settling Time to ± 1/2LSB 

Digital Feedthrough^ 

50 


nV secs typ 

Vref = OV 

Minimum Load Resistance 

2 

2 

kflmin 

VouT= +10V 

POWER SUPPLIES 





Vdd Range 

11.4/16.5 

11.4/16.5 

Vmin^max 

For Specified Performance 

Vss Range 

4.5/5.5 

4.5/5.5 

Vmin^max: 

For Specified Performance 

Idd 





@25°C 

4 

4 

mA max 

Outputs Unloaded; Vin = Vine or Vinh 

TmintoTmax 

6 

6 

mAmax 

Outputs Unloaded; Vin = Vine or Vinh 

Iss 





@25°C 

3 

3 

mAmax 

Outputs Unloaded; Vin = Vine or Vinh 

Tmin to Ttna'r 

5 

5 

mAmax 

Outputs Unloaded; Vin = Vine or Vinh 

SWITCHING CHARACTERISTICS* 





ti 

@25°C 

150 

150 

ns min 

Chip Select/Load DAC Pulse Width 

T|nin to Tmax 

200 

200 

ns min 


t2 

@25°C 

150 

150 

ns min 

Write/Reset Pulse Width 

Tmin to Tijuyj 

200 

200 

ns min 


^3 

@25‘’C 

0 

0 

ns min 

Chip Select/Load DAC to Write Setup Time 

Tmin to Tjnax 

0 

0 

ns min 


U 

@25“C 

0 

0 

ns min 

Chip Select/Load DAC to Write Hold Time 

Tmin I-® Tjnax 

0 

0 

ns min 


ts 

@25“C 

90 

90 

ns min 

Data Valid to Write Setup Time 

Tmin^® Tjnax 

100 

100 

ns min 


t6 

@25X 

10 

10 

ns min 

Data Valid to Write Hold Time 

TjnintoTjnax 

10 

10 

ns min 



NOTES 

'Maximum possible reference voltage. 

^Temperature ranges are as follows: 

AD7224KN, LN 0 to +7(rC 
AD7224BQ,CQ - 25‘’C to + 85°C 
AD7224TD, UD -55“C to + 125°C 
^See Terminology. 

^Sample Tested at 2S‘’C by Product Assurance to ensure compliance. 
Specifications subject to change without notice. 
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SINGLE SUPPLY 


CPPririPATinMC +w±i%-.^x=im=om=m;^^= +iov’ 

Or L V1 1 I uH 11 UWO unless otheiwise stated). All specifications Tn,in to Tn^, unless ottwriwse noted. 


Parameter 

AD7224K,B,T^ 

AD7224L,C,U^ 

Units 

Conditions/Comments 

STATIC PERFORMANCE 





Resolution 

8 

8 

Bits 


Total Unadjusted Error^ 

±2 

±2 

LSBmax 


Differential Nonlinearity^ 

±1 

±1 

LSB max 

Guaranteed Monotonic 

REFERENCE INPUT 





Input Resistance 

8 

8 

kflmin 


Input Capacitance** 

100 

100 

pF max 

Occurs when DAC is loaded with all I’s. 

DIGITAL INPUTS 





Input High Voltage, Vinh 

2.4 

2.4 

V min 


Input Low Voltage, Vinl 

0.8 

0.8 

Vmax 


Input Leakage Current 

± 1 

± 1 

IxAmax 

V,N = OVorVoD 

Input Capacitance** 

8 

8 

pFmax 


Input Coding 

Binary 

Binary 



DYNAMIC PERFORMANCE 





Voltage Output Slew Rate** 

2 

2 

V/|xsmin 


Voltage Output Settling Time^ 





Positive Full Scale Change 

5 

5 

p.s max 

Settling Time to ± 1/2LSB 

Negative Full Scale Change 

20 

20 

IJLsmax 

Settling Time to ± 1/2LSB 

Digital Feedthrough^ 

50 

50 

nV secs typ 

Vref = OV 

Minimum Load Resistance 

2 

2 

kOmin 

Vqut = + lOV 

POWER SUPPLIES 





Vdd Range 

14.25/15.75 

14.25/15.75 

Vmin^ max 

For Specified Performance 

Idd 





@25°C 

4 

4 

mAmax 

Outputs Unloaded; Vjn = Vhstl or Vinh 

TmintoTmax 

6 

6 

mA max 

Outputs Unloaded; Vjn = Vinl or Vjnh 

SWITCHING CHARACTERISTICS** 





ti 

@25°C 

150 

150 

ns min 

Chip Select/Load DAC Pulse Width 

Tmin fO Tmax 

200 

200 

ns min 


^2 

@25X 

150 

150 

ns min 

Write/Reset Pulse Width 

Tmin to Tnuot 

200 

200 

ns min 


t3 

@25°C 

0 

0 

ns min 

Chip Select/Load DAC to Write Setup Time 

Tmin to T max 

0 

0 

ns min 


^ @25°C 

0 

0 

ns min 

Chip Select/Load DAC to Write Hold Time 

Tmin fO Tmax 

0 

0 

ns min 


@25°C 

90 

90 

ns min 

Data Valid to Write Setup Time 

Tmin fO Tmax 

100 

100 

ns min 


^6 

@25°C 

10 

10 

ns min 

Data Valid to Write Hold Time 

Tjnin fO Tmax 

10 

10 

ns min 



NOTES 

'Maximum possible reference voltage. 

^Temperature ranges are as follows: 

AD7224KN, LN 0 to+70°C 
AD7224BQ, CQ -25“C to +85“C 
AD7224TD, UD -55“C to +125°C 
*See Terminology. 

^Sample Tested at 25“C by Product Assurance to ensure compliance. 
Specifications subject to change without notice. 
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ABSOLUTE MAXIMUM RATINGS^ 

Vdd to AGND..-0.3V, + 17V 

VoDtoDGNO .. .-0.3V, -fl7V 

VDDto Vss.....-0.3V, +24V 

AGNDtoDGND . . ... -0.3V, Vpo 

Digital Input Voltage to DGND . -0.3V, Vpp 

VREFtoAGND. -0.3V, Vdd 

Vqut to AGND^ • • • ..Vss) Vdd 

Power Dissipation (Any Package) to + 75°C ..... 450mW 

Derates above 75°C by.6mWrC 

Operating Temperature 

Commerical.. 0 to + 70°C 


Industrial . ... -25°C to +85®C 

Extended. !........ -55°Cto +125‘’C 

Storage Temperature.-65°C to + 150°C 

Lead Temperature (Soldering, lOsecs) ........ +300°C 


NOTES 

^The outputs may be shorted to AGND provided that the power 
dissipation of the package is not exceeded. Typically short 
circuit current to AGND is 60mA. 

*Stresses above those listed under “Absolute Maximum Ratings” may 
cause permanent damage to the device. This is a stress rating only and 
functional operation of the device at these or any other conditions above 
those indicated in the operational sections of this specification is not 
implied. Exposure to absolute maximum rating conditions for extended 
periods may affect device reliability. 


CAUTION- 

ESD (Electro-Static-Discharge) sensitive device. The digital control inputs are zener protect¬ 
ed; however, permanent damage may occur on unconnected devices subject to high energy 
electrostatic fields. Unused devices must be stored in conductive foam or shunts. The pro¬ 
tective foam should be discharged to the destination socket before devices are removed. 



TERMINOLOGY 

TOTAL UNADJUSTED ERROR 

Total Unadjusted Error is a comprehensive specification which 
includes full scale error, relative accuracy and zero code error. 
Maximum output voltage is Vref - ILSB (ideal) where ILSB 
(ideal) is Vref/256. The LSB size will vary over the Vref range. 
Hence the zero code error, relative to LSB size, will increase as 
Vref decreases. Accordingly, the total unadjusted error, which 
includes the zero code error, will also vary in terms of LSB’s 
over the Vref range. As a result, total unadjusted error is specified 
for a fixed reference voltage of + lOV. 

RELATIVE ACCURACY 

Relative Accuracy or end-point nonlinearity is a measure of the 
maximum deviation from a straight line passing through the 
end-points of the DAC transfer function. It is measured after 
allowing for zero code error and full scale error and is normally 
expressed in LSB’s or as a percentage of full scale reading. 


DIFFERENTIAL NONLINEARITY 

Differential Nonlinearity is the difference between the measured 
change and the ideal ILSB change between any two adjacent 
codes. A specified differential nonlinearity of ± ILSB max over 
the operating temperature range ensures monotonicity. 

DIGITAL FEEDTHROUGH 

Digital Feedthrough is the glitch impulse transferred to the 
output due to a change in the digital input code. It is specified 
in nV secs and is measured at Vref = OV. 

FULL SCALE ERROR 

Full Scale Error is defined as: 

Measured Value - Zero Code Error - Ideal Value 


ORDERING INFORMATION 


PIN CONFIGURATION 


Total 

1 Temperature Range and Package 

Unadjusted 

Error 

Plastic 

Cerdip^ 

Side Brazed 

Ceramic 


1 Oto -I-70X 

-aSXto +85X 

-55Xto+125X 

±2LSB 

AD7224KN 

AD7224BQ 

AD7224TD 

±1LSB 

AD7224LN 

AD7224CQ 

AD7224UD 


NOTE 

‘Analog Devices reserves the right to ship ceramic packages in lieu of cerdip packages. 


Vss[T • 
VouT [T 
Vref [T 
AGND [T 
DGND [T 
DB7 (MSB) [T 
DB6 [T 
DBS [T 

DB4 QT 


]!] 

Vdd 


RESET 

IE 

LDAC 


WR 

3E 

CS 

3 

DBO (LSB) 

IE 

DB1 

33 

DB2 

13 

DB3 
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CIRCUIT INFORMATION 

D/A SECTION 

The AD7224 contains an 8-bit voltage-mode digital-to-analog 
converter. The output voltage from the converter has the same 
polarity as the reference voltage allowing single supply operation. 
A novel DAC switch pair arrangement on the AD7224 allows a 
reference voltage range from +2V to + 12.5V. 

The DAC consists of a highly stable, thin-fllm, R-2R ladder and 
eight high speed NMOS single pole, double-throw switches. 

The simplified circuit diagram for this DAC is shown in 
Figure 1. 



SHOWN FOR ALL 1'S ON DAC 


Figure 1. D/A Simplified Circuit Diagram 

The input impedance at the Vref pht is code dependent and 
can vary from 8kfl minimum to infinity. The lowest input 
impedance occurs when the DAC is loaded with the digital code 
01010101. Therefore, it is important that the reference presents 
a low output impedance under changing load conditions. The 
nodal capacitance at the reference terminal is also code dependent 
and typically varies from 25pF to 50pF. 

The VouT pin can be considered as a digitally programmable 
voltage source with an output voltage of: 

VouT = D . Vref 

where D is a fractional representation of the digital input 
code and can vary from 0 to 255/256. 

OP-AMP SECTION 

The voltage-mode D/A converter output is buffered by a unity 
gain non-inverting CMOS amplifier. This buffer amplifier is 
capable of developing + lOV across a 2kn load and can drive 
capacitive loads of 3300pF. 

The AD7224 can be operated single or dual supply resulting in 
different performance in some parameters from the output am¬ 
plifier. In single supply operation (Vss = OV = AGND) the 
sink capability of the amplifier, which is normally 400|xA, is 
reduced as the output voltage nears AGND. The full sink capability 
of 400|xA is maintained over the full output voltage range by 
tying Vss to -5V. This is indicated in Figure 2. 

Settling-time for negative-going output signals approaching 
AGND is similarly affected by Vss- Negative-going settling-time 
for single supply operation is longer than for dual supply operation. 
Positive-going settling-time is not affected by Vss* 

Additionally, the negative Vss gives more head-room to the 
output amplifier which results in better zero code performance 
and improved slew-rate at the output, than can be obtained in 
the single supply mode. 



VouT - Volts 

Figure 2. Variation ofIsiNK ^ith Vqut 

DIGITAL SECTION 

The AD7224 digital inputs are compatible with either TTL or 
5V CMOS levels. All logic inputs are static-protected MOS 
gates with typical input currents of less than InA. Internal 
input protection is achieved by an on-chip distributed diode 
between DGND and each MOS gate. To minimize power supply 
currents, it is recommended that the digital input voltages be 
driven as close to the supply rails (Vdd and DGND) as practically 
possible. 

INTERFACE LOGIC INFORMATION 

Table I shows the truth table for AD7224 operation. The part 
cont ains two registers, an input register and a DAC reg ister. C S 
and WR control the loading of the input register while LDAC 
and WR control the transfer of information from the input 
register to the DAC register. Only the data held in the DAC 
register will determine the analog output of the converter. 


RESET 

LDAC 

WR 

CS 

Function 

H 

L 

L 

L 

Both Registers are Transparent 

H 

X 

H 

X 

Both Registers are Latched 

H 

H 

X 

H 

Both Registers are Latched 

H 

H 

L 

L 

Input Register Transparent 

H 

H 

_r 

L 

Input Register Latched 

H 

L 

L 

H 

DAC Register Transparent 

H 

L 

JT 

H 

DAC Register Latched 

L 

X 

X 

X 

Both Registers Loaded 

With All Zeros 


H 

H 

H 

Both Register Latched With 

All Zeros and Output Remains 
at Zero 

J” 

L 

L 

L 

Both Registers are Transparent 
and Output Follows Input Data 


H = High State, L = Low State, X = Don’t Care 


Table I. AD7224 Truth Table 
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All control signals are level-triggered and therefore either or 
both registers m ay be made transparent; the input register by 
keeping CS and WR “LOW”, the DAC register by keeping 
LDAC and W R “LOW”. Input data is latched on the rising 
edge of WR. 

The con tents of both registers are reset by a low l evel on t he 
RESET line. With both registers transparent, the RESET line 
fimctions like a zer o overrid e with the output brought to OV for 
the duration of the RESET pulse. If both registers are latched, 
a “LOW” pulse on RESET will latch all O’s int o the registers 
and the output remains at OV after the RESET line has returned 


“HIGH”. The RESET line can be used to ensure power-up to 
OV on the AD7224 output and is also liseful, when used as a 
zero override, in system calibration cycles. Figure 3 shows the 
input control logic for the AD7224. 




DAC REGISTER 









^ INPUT REGISTER 

-7—n:- 




Figures. Input Control Logic 



NOTES 

1. ALL INPUT SIGNAL RISE AND FALL TIMES 
MEASURED FROM 10% TO 90% of Voo- 

tr = t, = 20ns OVER Vdd RANGE 

2. TIMING MEASUREMENT REFERENCE LEVEL IS 

V|NH+ V.NL 
2 


Figure 4. Write Cycle Timing Diagram 


SPECIFICATION RANGES 

For the DAC to maintain specified accuracy, the reference voltage 
must be at least 4V below the Vdd power supply voltage. This 
voltage differential is required for correct generation of bias 
voltages for the DAC switches. 

With dual supply operation, the AD7224 has an extended Vdd 
range from 12V ±5% to + 15V ± 10% (i.e., from + 11.4V to 
-f 16.5V). Operation is also specified for a single Vdd power 
supply of + 15V ± 5%. 

Performance is specified over a wide range of reference voltages 
from 2V to (Vdd -4V) with dual supplies. This allows a range 
of standard reference generators to be used such as the AD580, 
a +2.5V bandgap reference and the AD584, a precision + lOV 
reference. Note that in order to achieve an output voltage range 
of OV to + lOV, a nominal + 15V ± 5% power supply voltage is 
required by the AD7224. 

GROUND MANAGEMENT 

AC or transient voltages between AGND and DGND can cause 
noise at the analog output. This is especially true in microprocessor 
systems where digital noise is prevalent. The simplest method of 
ensuring that voltages at AGND and DGND are equal is to tie 
AGND and DGND together at the AD7224. In more complex 
systems where the AGND and DGND intertie is on the backplane, 
it is recommended that two diodes be connected in inverse 
parallel between the AD7224 AGND and DGND pins (IN914 
or equivalent). 


Applying the 7224 

UNIPOLAR OUTPUT OPERATION 

This is the basic mode of operation for the AD7224, with the 
output voltage having the same positive polarity as Vref- The 
AD7224 can be operated single supply (Vss = AGND) or with 
positive/negative supplies (see op-amp section which outlines the 
advantages of having negative Vss)- Connections for the unipolar 
output operation are shown in Figure 5. The voltage at Vref 
must never be negative with respect to DGND. Failure to observe 
this precaution may cause parasitic transistor action and possible 
device destruction. The code table for unipolar output operation 
is shown in Table II. 


Vref Vqd 



Figure 5. Unipolar Output Circuit 
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D AC Register Contents 

MSB LSB Analog Output, Vour 

1111 1 1 1 1 +Vref ( iff ) 

1 000 000 1 +Vref(^) 

1 0 0 0 0 0 0 0 +Vref ( bI ) " + ^ 

0111 nil +Vref(^) 

0 0 00 000 1 +Vref(^ ) 

00000000 ov 

Note: ILSB = (VkepX2'^) = Vref( 556 ) 

Table II. Unipolar Code Table 


BIPOLAR OUTPUT OPERATION 

The AD7224 can be configured to provide bipolar output operation 
using one external amplifier and two resistors. Figure 6 shows a 
circuit used to implement offset binary coding. In this case 

Vo = (l + Iy) • (D Vref) - (Iy)- (Vrff) 

With R1 = R2 

Vo = (2D -1) -Vref 

where D is a fractional representation 
of the digital word in the DAC register. 

Mismatch between R1 and R2 causes gain and offset errors; 
therefore, these resistors must match and track over temperature. 
Once again, the AD7224 can be operated in single supply or 
from positive/negative supplies. Table III shows the digital code 
versus output voltage relationship for the circuit of Figure 6 
with R1 = R2. 



Figure 6. Bipolar Output Circuit 


DAC Register Contents 


MSB 

LSB 

Analog Output, Vq 

1111 

1111 

+Vref ( YB ) 

1000 

000 1 

+ Vref(i^ ) 

1000 

0000 

ov 

0 111 

1111 

-VrefIi^ ) 

0000 

000 1 

-V (^) 

Vref 1 128 ) 

0000 

0000 

(X. 

> 

1 

II 

ooioo 

> 

1 


Table III. Bipolar (Offset Binary) Code Table 


AGND BIAS 

The AD7224 AGND pin can be biased above system GND 
(AD7224 DGND) to provide an offset “zero” analog output 
voltage level. Figure 7 shows a circuit configuration to achieve 
this. The output voltage, Vqutj is expressed as: 

VouT = Vbias + D • (Vin) 

where D is a fractional representation of the digital word 
in the DAC register and can vary from 0 to 255/256. 

For a given Vinj increasing AGND above system GND will 
reduce the effective Vdet-Vref which must be at least 4V to 
ensure specified operation. Note that Vdd and Vss for the AD7224 
must be referenced to DGND. 



Figure 7. AGND Bias Circuit 
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Microprocessor Interface 



Figure 8. AD7224 to 8085A/8088 Interface 


Figure 9. AD7224 to 6809/6502 Interface 




Figure 10. AD7224 to Z-80 interface Figure 11. AD7224 to 68008 Interface 


MECHANICAL INFORMATION 
OUTLINE DIMENSIONS 

Dimensions shown in inches and (mm). 


18-PIN PLASTIC DIP (SUFFIX N) 18-PIN CERDIP (SUFFIX Q) 


18-PIN CERAMIC (SUFFIX D) 



NOTES: 

1. LEAD NO. 1 IDENTIFIED BY DOT OR NOTCH. 

2. CERAMIC DIP LEADS WILL BE EITHER GOLD OR TIN PLATED IN 
ACCORDANCE WITH MIL M-38510 REQUIREMENTS 


^ 47 W V V V V SY 


T 


0.310 (7.874) 
0.260 (6.604) 



NOTES: 

1. LEAD NO. 1 IDENTIFIED BY DOT OR NOTCH. 

2. CERAMIC DIP LEADS WILL BE EITHER GOLD OR TIN PLATED IN 
ACCORDANCE WITH MIL M 38510 REQUIREMENTS 


r 



0.3 (7.6 

0.28 (7.1 

* 

0.91 (23.12) 

* 0.89 (22.61) 




1. LEAD NO. 1 IDENTIFIED BY DOT OR NOTCH. 

2. CERAMIC DIP LEADS WILL BE EITHER GOLD OR TIN PLATED IN 
ACCORDANCE WITH MIL M-38510 REQUIREMENTS. 
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ANALOG l-C^'MOS 

DEVICES Quad 8-Bit DAC with Separate References 

AD7225 


FEATURES 

Four 8-Bit DACs with Output Amplifiers 
Separate Reference Input for Each DAC 
pP Compatible with Double-Buffered Inputs 
Simultaneous Update of All Four Outputs 
Operates with Single or Dual Supplies 
No User Trims Required 
0.3" Wide, 24-Pin DIP 


AD7225 FUNCTIONAL BLOCK DIAGRAM 



GENERAL DESCRIPTION 

The AD7225 contains four 8-bit voltage output digital-to-analog 
converters, with output buffer amplifiers and interface logic on 
a single monolithic chip. Each D/A converter has a separate 
reference input terminal. No external trims are required to 
achieve full specified performance for the part. 

The double-buffered interface logic consists of two 8-bit registers 
per channel-an input register and a DAC register. Control inputs 
AO and A1 determine which input register is loaded when WR 
goes low. Only the data held in the DAC registers determines 
the analog outputs of the converters. The double-buffering 
allows simultaneous update of all four outputs imder control of 
LDAC. All logic inputs are TTL and CMOS (5V) level compatible 
and the control logic is speed compatible with most 8-bit 
microprocessors. 

Specified performance is guaranteed for input reference voltages 
from -I-2V to -I- 12.5V when using dual supplies. The part is 
also specified for single supply operation using a reference of 
-I- lOV. Each output buffer amphfier is capable of developing 
-I- lOV across a 2kn load. 

The AD7225 is fabricated on an all ion-implanted high-speed 
Linear Compatible CMOS (LC^ MOS) process which has been 
specifically developed to integrate high-speed digital logic circuits 
and precision analog circuitry on the same chip. 

PRODUCT HIGHLIGHTS 

1. DACs and Amplifiers on CMOS Chip: 

The single-chip design of four 8-bit DACs and amplifiers 
allows a dramatic reduction in board space requirements and 
offers increased reliability in systems using multiple converters. 
Its pinout is aimed at optimizing board layout with all analog 
inputs and outputs at one end of the package and all digital 
inputs at the other. 


2. Single or Dual Supply Operation: 

The voltage-mode configuration of the AD7225 allows single 
supply operation. The part can also be operated with dual 
supplies giving enhanced performance for some parameters. 

3. Versatile Interface Logic: 

The AD7225 has a common 8-bit data bus with individual 
DAC latches, providing a versatile control architecture for 
simple interface to microprocessors. The double-buffered 
interface allows simultaneous update of the four outputs. 

4. Separate Reference Input for Each DAC: 

The AD7225 offers great flexibility in dealing with input 
signals with a separate reference input provided for each 
DAC and each reference having variable input voltage 
capability. 
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DUAL SUPPLY 


QPFririrATIflMC •" = W; v*, = +»to»«, -m' 

Or Luiriljifll lUliO unless othenwise stated). All specifications to unless otfiemvise noted. 


Param«ter 

AD7225KN2 

AD7225BD 

AD7225LN 

AD7225CD 

AD7225TD 

AD7225UD 

Units 

Conditions/Comments 

STATIC PERFORMANCE 

Resolution 

8 

8 

8 

8 

Bits 


Total Unadjusted Error^ 

±2 

±1 

±2 

±1 

LSBmax 

Vdd = + 15V ± 5%, Vref = + lOV 

Relative Accuracy^ 

±1 

±1/2 

±1 

±1/2 

LSBmax 


Differential Nonlinearity^ 

±1 

± 1 

±1 

±1 

LSBmax 

Guaranteed Monotonic 

Full Scale Error^ 

±1 

±1/2 

±1 

±1/2 

LSBmax 


Full Scale Temp. Coeff. 

±5 

±5 

±5 

±5 

ppm/®C typ 

Vdd = 14V to 16.5V, Vref = + lOV 

Zero Code Error @ 25®C 

±25 

±15 

±25 

±15 

mV max 


Tfi^in to Tfiia* 

±30 

±20 

±30 

±20 

mV max 


Zero Code Error Temp Coeff. 

±30 

±30 

±30 

±30 

M.V/“Ctyp 


REFERENCE INPUT 

Voltage Range 

2to(VDD-4) 

2tO(VDD-4) 

2to(VDD-4) 

2to(VDD-4) 

Vmin to VniAT 


Input Resistance 

11 

11 

11 

11 

kflmin 


Input Capacitance^ 

100 

100 

100 

100 

pFmax 

Occtus when each DAC is loaded with all I’s. 

Channel-to-Channel Isolation^’^ 

60 

60 

60 

60 

dBmin 

Vref = lOV p-p Sine Wave (§> lOkHz 

AC Feedthrough^’^’® 

-70 

-70 

-70 

-70 

dBmax 

Vref = lOV p-p Sine Wave @ lOkHz 

DIGITAL INPUTS 

Input High Voltage, Vikh 

2.4 

2.4 

2.4 

2.4 

Vmin 


Input Low Voltage, Vjnl 

0.8 

0.8 

0.8 

0.8 

Vmax 


Input Leakage Current 

± 1 

±1 

±1 

±1 

IxAmax 

ViN = OVorVDD 

Input Capacitance^ 

8 

8 

8 

8 

pFmax 


Input Coding 

Binary 

Binary 

Binary 

Binary 



DYNAMIC PERFORMANCE 

Voltage Output Slew Rate"* 

2.5 

2.5 

2.5 

2.5 

V/|Asmin 


Voltage Output Settling Time"* 

Positive Full Scale Change 

5 

5 

5 

5 

p.smax 

Vref = lOV; Settling Time to ± 1/2LSB 

Negative Full Scale Change 

5 

5 

5 

5 

p.smax 

Vref = + lOV; Settling Time to ± 1/2LSB 

Digital Feedthrough*’'*’® 

50 

50 

50 

50 

nV secs typ 

Code transition all O’s to all I’s. 

Digital Crosstalk*’® 

50 

50 

50 

50 

nV secs typ 

Code transition all O’s to all I’s. 

Minimum Load Resistance 

2 

2 

2 

2 

kflmin 

VouT = + lOV 

POWER SUPPLIES 

Vdd Range 

11.4/16.5 

11.4/16.5 

11.4/16.5 

11.4/16.5 

Vn^«« 

For Specified Performance 

Idd 

10 

10 

12 

12 

mAmax 

Outputs Unloaded; Vin=Vine or Vinh 

Iss 

9 

9 

10 

10 

mAmax 

Outputs Unloaded; Vin =V ikl or V inh 

SWITCHING CHARACTERISTICS'* 

@25^C 95 

95 

95 

95 

ns min 

Write Pulse Width 

TmintoTnwx 

120 

120 

150 

150 

ns min 


@25X 

0 

0 

0 

0 

ns min 

Address to Write Setup Time 

T^toT^ 

0 

0 

0 

0 

ns min 


@25^C 

0 

0 

0 

0 

ns min 

Address to Write Hold Time 

TnuatoTnuw 

0 

0 

0 

0 

ns min 


@25°C 

70 

70 

70 

70 

ns min 

Data Valid to Write Setup Time 


90 

90 

90 

90 

ns min 


^(®25“C 

10 

10 

10 

10 

ns min 

Data Valid to Write Hold Time 

TnuntoTmgx 

10 

10 

10 

10 

ns min 


^@25^ 

95 

95 

95 

95 

ns min 

Load DAC Pulse Width 

T«intoT„,«, 

120 

120 

150 

150 

ns min 



NOTES 

‘Maximum possible reference voltage. 

^Temperature ranges are as follows: 

AD7225KN, LN 0 to +70«C 
AD7225BD,CD -25«Cto +85X 
AD7225TD, UD ^55«C to + 125*C 
’See Terminology. 

^Sample Tested at 2S°C to ensure compliance. 

’Feedthrough can be further reduced by connecting the metal lid on the ceramic package (suffix D) to DGND. 
Specifications subject to change without notice. 
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SINGLE SUPPLY 

QDmnrATIHMC = «:¥«,= +10V' 

wi LUiriuHl lURO unless otheiwise stated). Ml specifiGations T„*, to T,,^ unless othenrise notad. 


Parameter 

AD7225KN* 

AD7225BD 

AD7225LN 

AD7225CD 

AD7225TD 

AD7225UD 

Units 

Conditions/Comments 

STATIC PERFORMANCE 

Resolution 

8 

8 

8 

8 

Bits 


Total Unadjusted Error^ 

±2 

±1 

±2 

±1 

LSBmax 


Differential Nonlinearity^ 

±1 

±1 

±1 

±1 

LSBmax 

Guaranteed Monotonic 

REFERENCE INPUT 

Input Resistance 

11 

11 

11 

11 

kHmin 


Input Capacitance^ 

100 

100 

100 

100 

pFmax 

Occurs when each DAC is loaded with all Ts. 

Channel-to-Channel Isolation^*^ 

60 

60 

60 

60 

dB wiin 

Vref = lOV p-p Sine Wave @ lOkHz 

AC Feedthrough^’^’* 

-70 

-70 

-70 

-70 

dBmax 

Vref = lOV p-p Sine Wave @ lOkHz 

DIGITAL INPUTS 

Input High Voltage, Vn,jH 

2.4 

2.4 

2.4 

2.4 

V min 


Input Low Voltage, Vinl 

0.8 

0.8 

0.8 

0.8 

Vmax 


Input Leakage Current 

±1 

±1 

±1 

±1 

(xAmax 

V,N = OVorVoD 

Input Capacitance^ 

8 

8 

8 

8 

pFmax 


Input Coding 

Binar>' 

Binary 

Binary 

Binary 



DYNAMIC PERFORMANCE 

Voltage Output Slew Rate^ 

2 

2 

2 

2 

V/p,smin 


Voltage Output Settling Time^ 

Positive Full Scale Change 

5 

5 

5 

5 

ixsmax 

Settling Time to ± 1/2LSB 

Negative Full Scale Change 

7 

7 

7 

7 

M.S max 

Settling Time to ± 1/2LSB 

Digital Feedthrough* 

50 

50 

50 

50 

nV secs typ 

Code transition all O’s to all I’s. 

Digital Crosstalk* 

50 

50 

50 

50 

nV secs typ 

Code transition all O’s to all I’s. 

Minimum Load Resistance 

2 

2 

2 

2 

kHmin 

VouT = + lOV 

POWER SUPPLIES 

Vdd Range 

14.25/15.75 

14.25/15.75 

14.25/15.75 

14.25/15.75 


For Specified Performance 

Idd 

10 

10 

12 

12 

mAmax 

Outputs Unloaded; Vim = Vinl or Vinh 

SWITCHING CHARACTERISTICS^ 

@25°C 95 

95 

95 

95 

ns min 

Write Pulse Width 

T„,i„toT„,„ 

120 

120 

150 

150 

ns min 


t2 

@25°C 

0 

0 

0 

0 

ns min 

Address to Write Setup Time 

Tnu„toT„,„ 

0 

0 

0 

0 

ns min 


t3 

(a)25°C 

0 

0 

0 

0 

ns min 

Address to Write Hold Time 

TmintoTnuuc 

0 

0 

0 

0 

ns min 


t4 

@25“C 

70 

70 

70 

70 

ns min 

Data Valid to Write Setup Time 

TnuntoT„«, 

90 

90 

90 

90 

ns min 


ts 

@2S°C 

10 

10 

10 

10 

ns min 

Data Valid to Write Hold Time 

TmintoTnux 

10 

10 

10 

10 

ns min 


t<5 

@25°C 

95 

95 

95 

95 

ns min 

Load DAC Pulse Width 

Trr^toT^ 

120 

120 

150 

150 

ns min 



NOTES 

‘Maximum possible reference voltage. 

^Temperature ranges are as follows: 

AD7225KN, LN 0 to +70"C 
AD7225BD, CD -25"Cto +85^: 

AD7225TD, UD - SS'C to + 125“C 
*See Terminology. 

^Sample Tested at 2S'’C to ensure compliance. 

’Feedthrough can be further reduced by coimectingythe metal lid on the ceramic package (suffix D) to DGND. 
Specifications subject to change without notice. 
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ABSOLUTE MAXIMUM RATINGS^ 

Vdd to AGND .. -0.3V, + 17V 

VDDtoDGND.-0.3V, + 17V 

VDDtoVss. -0.3V, +24V 

AGND to DGND . .. -0.3V, Vdd 

Digital Input Voltage to DGND . -0.3V, Vdd 

VREFtoAGND. -0.3V, Vdd 

VourtoAGND* .Vss, Vdd 

Power Dissipation (Any Package) to + 75°C ..... 500mW 

Derates above 75°C by ...2.0mW/C 

Operating Temperature 

Commercial.0 to + 70®C 

Industrial. - 25®C to + 85°C 


Extended.. 55°C to + 125°C 

Storage Temperature ... -65°Cto + 150°C 

Lead Temperature (Soldering, lOsecs) ........ + 300°C 


NOTES 

^Outputs may be shorted to any voltage in the range Vss to Vdd provided 
that the power dissipation of the package is not exceeded. Typical short 
circuit current for a short to AGND or Vgs is 50mA. 

^Stresses above those listed under “Absolute Maximum Ratings” may 
cause permanent damage to the device. This is a stress rating only and 
functional operation of the device at these or any other conditions above 
those indicated in the operational sections of this specification is not 
implied. Exposure to absolute maximum rating conditions for extended 
periods may affect device reliability. 


CAUTION--- 

ESD (Electro-Static-Discharge) sensitive device. The digital control inputs are zener protect¬ 
ed; however, permanent damage may occur on unconnected devices subject to high energy 
electrostatic fields. Unused devices must be stored in conductive foam or shunts. The pro¬ 
tective foam should be discharged to the destination socket before devices are removed. 



TERMINOLOGY 

TOTAL UNADJUSTED ERROR 

Total Unadjusted Error is a comprehensive specification 
which includes full scale error, relative accuracy, and zero 
code error. Maximum output voltage is Vref - ILSB (ideal), 
where 1 LSB (ideal) is Vref/256. The LSB size will vary 
over the Vref range. Hence the zero code error will, relative 
to the LSB size, increase as Vref decreases. Accordingly, the 
total unadjusted error, which includes the zero code error, 
will also vary in terms of LSB’s over the Vref range. As a 
result, total unadjusted error is specified for a fixed reference 
voltage of + lOV. 

RELATIVE ACCURACY 

Relative Accuracy or end-point nonlinearity is a measure of 
the maximum deviation from a straight line passing through 
the end-points of the DAC transfer function. It is measured 
after allowing for zero code error and full scale error and is 
normally expressed in LSB’s or as a percentage of full scale 
reading. 

DIFFERENTIAL NONLINEARITY 

Differential Nonlinearity is the difference between the 
measured change and the ideal ILSB change between any 
two adjacent codes. A specified differential nonlinearity of 
± ILSB max over the operating temperature range ensures 
monotonicity. 


DIGITAL FEEDTHROUGH 

Digital Feedthrough is the glitch impulse transferred to the 
output of the DAC due to a change in its digital input code. 
It is specified in nV secs and is measured at Vref = OV. 

DIGITAL CROSSTALK 

Digital Crosstalk is the glitch impulse transferred to the 
output of one converter (not addressed) due to a change in 
the digital input code to anotlier addressed converter. It is 
specified in nV secs and is measured at Vref= OV. 

AC FEEDTHROUGH 

AC Feedthrough is the proportion of reference input signal 
which appears at the output of a converter when that DAC is 
loaded with all O’s. 

CHANNEL-TO-CHANNEL ISOLATION 

Channel-to-channel isolation is the proportion of input signal 
from the reference of one DAC (loaded with all I’s) which 
appears at the output of one of the other three DACs (loaded 
with all O’s). The figure given is the worst case for the three 
other outputs and is expressed as a ratio in dBs. 

FULL SCALE ERROR 

Full Scale Error is defined as; 

Measured Value - Zero Code Error - Ideal Value 

PIN CONFIGURATION 


ORDERING INFORMATION 



Temperature Range and Package 

Total 


Side Brazed 

Side Brazed 

Unadjusted 

Plastic 

Ceramic 

Ceramic 

Error 

Oto -i-7(rc 

-25Xto -l-SSX 

-SSXto-fUSX 

±2LSB 

AD7225KN 

AD7225BD 

AD7225TD 

±1LSB 

AD7225LN 

AD7225CD 

AD7225UD 


Vqut B [~r 

- KU - 

• 

^ VouT C 

VouT A \T 


23 I Vqut D 

Vss|T 


Vdd 

Vref B [T 


^ VrefC. 

Vref a |V 

AD7225 

TOP VIEW 

^ Vref D 

AGND 

(Not to Scale) 

77] AO 

DGND [j 


77] A1 

Lb^ 


77] WR 

(MSB) DB7 


77| DBO (LSB) 

DB6 


77] DB1 

DB5 Q7 


77] DB2 

DB4 QT 


77] DB3 
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Typical Performance Characteristics 

Ta =25°C, VoD = + 1 5V, Vss = - 5V unless otherwise stated. 



Figure 1. Channel-to-Channel Matching Figure 2. Relative Accuracy vs. Vf^ef 



Figure 3. Differential Nonlinearity vs. Vf^ef 


Figure 4. Power Supply Current vs. Temperature 



-60 -40 -20 0 20 40 60 80 100 120 140 


TEMPERATURE - Degrees 



Ims/div 


Figure 5. Zero Code Error vs. Temperature 


Figure 6. Broadband Noise 
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CIRCUIT INFORMATION 


D/A SECTION 

The AD7225 contains four, identical, 8-bit voltage-mode digital-to- 
analog converters. Each D/A converter has a separate reference 
input. The output voltages from the converters have the same 
polarity as the reference voltages, allowing single supply operation. 
A novel DAC switch pair arrangement on the AD7225 allows a 
reference voltage range from +2V to + 12.5V on each reference 
input. 

Each DAC consists of a highly stable, thin-film, R-2R ladder 
and eight high-speed NMOS, single-pole, double-throw switches. 
The simplified circuit diagram for channel A is shown in 
Figure 7. Note that AGND (Pin 6) is common to all four 
DACs. 


Vref a 

AGND 

SHOWN FOR ALL 1 S ON DAC 

Figure 7. D/A Simplified Circuit Diagram 

The input impedance at any of the reference inputs is code 
dependent and can vary from 1 IkD minimum to infinity. The 
lowest input impedance at any reference input occurs when that 
DAC is loaded with the digitd code 01010101. Therefore, it is 
important that the reference presents a low output impedance 
under changing load conditions. The nodal capacitance at the 
reference terminals is also code dependent and typically varies 
from 15pF to 35pF. 

Each VouT phi can be considered as a digitally programmable 
voltage source with an output voltage of: 

VoUTX = Dx * Vrefx 

where Dx is fractional representation of the digital 
input code and can vary from 0 to 255/256. 

The output impedance is that of the output buffer amplifier. 

OP-AMP SECTION 

Each voltage mode D/A converter output is buffered by a unity 
gain noninverting CMOS amplifier. This buffer amplifier is 
capable of developing + lOV across a 2kn load and can drive 
capacitive loads of 3300pF. 

The AD7225 can be operated single or dual supply; operating 
with dual supplies results in enhanced performance in some 
parameters which cannot be achieved with single supply operation. 
In single supply operation (Vss = OV = AGND) the sink capability 
of the amplifier, which is normally 400p.A, is reduced as the 
output voltage nears AGND. The full sink capability of 400p.A 
is maintained over the full output voltage range by tying Vss to 
- 5V. This is indicated in Figure 8. 

Settling-time for negative-going output signals approaching 
AGND is similarly affected by Vss- Negative-going settling-time 
for single supply operation is longer than for dual supply operation. 
Positive-going settling-time is not affected by Vss- 



soo 


400 


300 


200 


100 


0 

0 2 4 6 8 10 

VouT - Volts 

Figure 8. Variation of Is/nk Vqut 

Additionally, the negative Vss gives more headroom to the 
output amplifiers which results in better zero code performance 
and improved slew-rate at the output, than can be obtained in 
the single supply mode. 

DIGITAL SECTION 

The AD7225 digital inputs are compatible with either TTL or 
5V CMOS levels. All logic inputs are static-protected MOS 
gates with typical input currents of less than IpA. Internal 
input protection is achieved by an on-chip distributed diode 
between DGND and each MOS gate. To minimize power supply 
currents, it is recommended that the digital input voltages be 
driven as close to the supply rails (Vdd and DGND) as practically 
possible. 

INTERFACE LOGIC INFORMATION 

The AD7225 contains two registers per DAC, an input register 
and a DAC register. Address lines AO and A1 select which 
inpu t register will accept data from the input port. When the 
WR signal is LOW, the input latches of the selected DAC are 
transparent. The dat a is la tched into the addressed input register 
on the rising edge of WR. Table I shows the addressing for the 
input registers on the AD7225. 

Only the data held in the D AC regis ter determines the analog 
output of the converter. The LDAC signal is common to all 
four DACs and controls the transfer of information from the 
input registers to the DAC registers. Data is latched int o all 
four DAC r egisters simultaneously on the rising edge of LDAC. 
The LDAC signal is level triggered and the refore th e DAC 
registers may be made transparent by tying LDAC LOW (in 


A1 

AO 

Selected Input Register 

L 

L 

DAC A Input Register 

L 

H 

DAC B Input Register 

H 

L 

DAC C Input Register 

H 

H 

_1 

DAC D Input Register 


Tablet. AD7225Addressing 
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LDAC 


TO ALL 
DAC LATCHES 


this case the outputs of the converters will res pond to the data 
held in their respective input latc hes). LDAC is an asynchronous 
signal and is independent of WR. This is useful in ma ny appl i- 
cations. However, in systems where the asynchronous LDAC 
can occur during a write cycle (or vice versa) care must be taken 
to ensure that inco rrect da ta is not latched through to the output. 
In o ther wor ds, if LDAC i s activat ed pri or to the rising edge of 
WR (or WR occurs during LDAC), then LDAC must stay 
LOW for t6 or longer after WR goes HIGH to ensure correct 
data is latched through to the output. Table II shows the truth 
table for AD7225 operation. Figure 9 shows the input control 
logic for the pan and the write cycle timing diagram is given in 
Figure 10. 



WR 

LDAC 

Function 

H 

H 

No Operation. Device not selected 

L 

H 

Input Register of Selected DAC Transparent 

jr 

H 

Input Register of Selected DAC Latched 

H 

L 

All Four DAC Registers T ransparent 
(i.e. Outputs respond to data held in 
respective input registers) 

Input Registers are Latched 

H 

jr 

All Four DAC Registers Latched 

L 

L 

DAC Registers and Selected Input Register 
Transparent 

Output follows Input Data for Selected Channel. 


Table II. AD7225 Truth Table 


Figure 9. Input Control Logic 



NOTES 

1. ALL INPUT SIGNAL RISE AND FALL TIMES 
MEASURED FROM 10% TO 90% of +5V 

t, = t, = 20ns OVER Voo RANGE 

2. TIMING MEASUREMENT REFERENCE LEVEL IS 

V|NH + ViiML 

- 5 - - 

3. IF LDAC IS ACTIVATED PRIOR TO THE RISING EDGE OF WR THEN 
IT MUST STAY LOW FOR tg OR LONGER AFTER WR GOES HIGH. 


Figure W. Write Cycle Timing Diagram 


GROUND MANAGEMENT AND LAYOUT 

Since the AD7225 contains four reference inputs which can be 
driven from ac sources (see AC REFERENCE SIGNAL section) 
careful layout and grounding is imponant to minimize analog 
crosstalk between the four channels. The dynamic performance 
of the four DACs depends upon the optimum choice of board 



20k 50k 100k 200k 500k 1M 

INPUT FREQUENCY - Hz 


Figure 11. Channel-to-Channel Isolation 


SYSTEM 



MSB -0“ -O- LSB 



Figure 12. Suggested PCB Layout for AD7225. Layout 
Shows Component Side (Top View). 

layout. Figure 11 shows the relationship between input frequency 
and channel-to-channel isolation. Figure 12 shows a printed 
circuit board layout which is aimed at minimizing crosstalk and 
feedthrough. The four input signals are screened by AGND. 
Vref was limited to between 2V and 3.24V to avoid slew rate 
limiting effects from the output amplifier during measurements. 
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SPECIFICATION RANGES 

For the AD7225 to operate to rated specifications, its input 
reference voltage must be at least 4V below the Vdd power 
supply voltage. This voltage differential is the overhead voltage 
required by the output amplifiers. 

The AD7225 is specified to operate over a Vdd range from 
+ 12V ±5% to 4- 15V ± 10% (i.e., from + 11.4V to + 16.5V) 
with a Vss of - 5V ± 10%. Operation is also specified for a 
single + 15V ± 5% Vdd supply. Applying a Vss of - 5V results 


in improved zero code error, improved output sink capability 
with outputs near AGND and improved negative going settling 
time. 

Performance is specified over a wide range of reference voltages 
from 2V to (Vdd - 4V) with dual supplies. This allows a range 
of standard reference generators to be used such as the AD580, 
a +2.5V bandgap reference and the AD584, a precision + lOV 
reference. Note that an output voltage range of OV to + lOV 
requires a nominal + 15V ±5% power supply voltage. 


UNIPOLAR OUTPUT OPERATION 

This is the basic mode of operation for each channel of the 
AD7225, with the output voltage having the same positive polarity 
as Vref- The AD7225 can be operated single supply (Vss = 
AGND) or with positive/negative supplies (see op-amp section 
which outlines the advantages of having negative Vss)* Connections 
for the unipolar output operation are shown in Figure 13. The 
voltage at any of the reference inputs must never be negative 
with respect to DGND. Failure to observe this precaution may 
cause parasitic transistor action and possible device destruction. 
The code table for unipolar output operation is shown in 
Table III. 


Vref a Vree B Vree C Vree D Vod 



Figure 13. Unipolar Output Circuit 


DAC Latch Contents 
MSB LSB 

Analog Output 

1111 

1111 

+ Vref 

(255 ) 

V 256 I 

1000 

000 1 

+ Vref 

( 1 ^] 
v 256 / 

1000 

0000 

+ Vref 

( 128 ] Vref 

V 256 ' “ 2 

0 111 

1111 

+ Vref 

(1) 

0000 

000 1 

+ Vref 

(ife) 

0000 

0000 


OV 


Note: ILSB = (VrefX24 = Vree( ^ ) 


Table m. Unipolar Code Table 

BIPOLAR OUTPUT OPERATION 

Each of the DACs of the AD7225 can be individually configured 
to provide bipolar output operation. This is possible using one 
external amplifier and two resistors per channel. Figure 14 
shows a circuit used to implement offset binary coding (bipolar 
operation) with DAC A of the AD7225. In this case 

VouT = (l + * (Da Vref) ~ (rj) * (^ref) 

With R1 = R2 

VouT = (2 Da -1)* Vref 

where Da is a fractional representation of the 
digital word in latch A. (0 ^ Da ^ 255/256) 

Mismatch between R1 and R2 causes gain and offset errors and, 
therefore, these resistors must match and track over temperature. 
Once again the AD7225 can be operated in single supply or 
from positive/negative supplies. Table IV shows the digital code 
versus output voltage relationship for the circuit of Figure 14 
with R1 = R2. 
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Figure 14. AD7225 Bipolar Output Circuit 


DAC Latch Contents 
MSB LSB 

Analog Output 

1111 

1111 

+ Vref ( 

' 127 ] 

128 / 

1000 

000 1 

+ Vref ( 

' JL ) 

' 128 1 

1000 

0000 

OV 

0 111 

1111 

“Vref ( 

' 128 > 

0000 

000 1 

“Vref ( 

' 127 \ 

^ 128 / 

0000 

0000 

“Vref ( 

'128 _V 

, 128 i - Vref 


Table IV. Bipolar (Offset Binary) Code Table 


AGND BIAS 

The AD7225 AGND pin can be biased above system GND 
(AD7225 DGND) to provide an offset “zero” analog output 
voltage level. Figure 15 shows a circuit configuration to achieve 
this for channel A of the AD7225. The output voltage, Vour A, 
can be expressed as: 

VouT A = Vbias + Da (Vin) 

where Da is a fractional representation of the digital word 
in DAC latch A. (0 ^ Da ^ 255/256). 

For a given Vinj increasing AGND above system GND will 
reduce the effective Vdet-Vref which must be at least 4V to 
ensure specified operation. Note that because the AGND pin is 
common to all four DACs, this method biases up the output 



Figure 15. AGND Bias Circuit 


voltages of all the DACs in the AD7225. Note that Vdd and 
Vss of the AD7225 should be referenced to DGND. 

AC REFERENCE SIGNAL 

In some applications it may be desirable to have ac reference 
signals. The AD7225 has multiplying capabihty within the upper 
(Vdd - 4V) and lower (2V) limits of reference voltage when 
operated with dual suppUes. Therefore ac signals need to be ac 
coupled and biased up before being applied to the reference 
inputs. Figure 16 shows a sine wave signal applied to Vref A. 
For input signal frequencies up to 50kHz the output distortion 
typically remains less than 0.1%. The typical 3dB bandwidth 
figure for small signal inputs is 800kHz. 


15V 



Figure 16. Applying an AC Signal to the AD7225 

APPLICATIONS 

PROGRAMMABLE TRANSVERSAL FILTER 

A discrete-time filter may be described by either multiplication 
in the frequency domain or convolution in the time domain i.e. 

Y(a)) = H(a))X(o)) or yn = X ^kXn-k+i 

k=l 

The convolution sum may be implemented using the special 
structure known as the transversal filter (Figure 17). Basically, 
it consists of an N-stage delay line with N taps weighted by N 
coefficients, the resulting products being accumulated to form 
the output. The tap weights or coefficients h^ are actually the 
non-zero elements of the impulse response and therefore determine 
the filter transfer function. A particular filter frequency response 
is realized by setting the coefficients to the appropriate values. 
This property leads to the implementation of transversal filters 
whose frequency response is programmable. 


\„ \n -1 Vn-2 'n-N_\n-N+1 



Figure 17. Transversal Filter 
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ACCUMULATOR 

0/P 



Figure 18. Programmable Transversal Filter 

A 4-tap programmable transversal filter may be implemented 
using the AD7225 (Figure 18). The input signal is first sampled 
and converted to allow the tapped delay line function to be 
provided by the Am29520. The multiphcation of delayed input 
samples by fixed, progranunable tap weights is accompUshed by 
the AD7225, the four coefficients or reference inputs being set 
by the digital codes stored in the AD7226. The resultant products 
are accumulated to yield the convolution sum output sample 
which is held by the AD585. 

Low pass, bandpass and highpass filters may be synthesized 
using this arrangement. The particular tap weights needed for 
any desired transfer function may be obtained using the standard 
Remez Exchange Algorithm. Figure 19 shows the theoretical 
low pass frequency response produced by a 4-tap transversal 
filter with the coefficients indicated. Although the theoretical 
prediction does not take into account the quantization of the 
input samples and the tnmcation of the coefficients, nevertheless, 
there exists a good correlation with the actual performance of 
the transversal filter (Figure 20). 



0 0.05 0.1 0.15 0.2 . 0.25 0.3 0.35 0.4 0.45 0.5 

NORMALIZED FREQUENCY - f/fs 


Figure 19. Predicted (Theoretical) Response 



Figure 20. Actual Response 
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Applications 


DIGITAL WORD MULTIPLICATION 

Since each DAC of the AD7225 has a separate reference input, 
the output of one DAC can be used as the reference input for 
another. This means that multiplication of digital words can be 
performed (with the result given in analog form). For example, 
if the output from DAC A is applied to Vref B then the output 
from DACB, Vour B, can be expressed as: 

VouT B = Da * Db * Vref A 

where Da and Dr are the fractional representations of the 
digital words in DAC latches A and B respectively. 

If Da = Db = D then the result is D^ • Vref A 

In this manner, the four DACs can be used on their own or in 
conjunction with an external summing amplifier to generate 
complex waveforms. Figure 21 shows one such application. In 
this case the output waveform, Y, is represented by: 

Y = -(x^ + 2x3 + 3x2 2x + 4) • ViN 

where x is the digital code which is applied to all 
four DAC latches. 



Figure 21. Complex Waveform Generation 


MICROPROCESSOR INTERFACE 




Figure 22. AD7225 to 8085A/8088 Interface, Double- Figure 23. AD7225 to 6809/6502 Interface, Single-Buffered 

Buffered Mode Mode 




Figure 25. AD7225 to 68008 Interface, Single-Buffered 
Mode 


Figure 24. AD7225 to Z-80 Interface Double-Buffered 
Mode 
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Vss GENERATION 

Operating the AD7225 from dual supplies results in enhanced 
performance over single supply operation on a number of pa¬ 
rameters as previously outlined. Some applications may require 
this enhanced performance, but may only have a single power 
supply rail available. The circuit of Figure 26 shows a method 
of generating a negative voltage using one CD4049, operated 
from a Vdd of + 1$V. Two inverters of the hex inverter chip 
are used as an oscillator. The other four inverters are in parallel 
and used as buffers for higher output cmrent. The square-wave 
output is level translated to a negative-going signal, then rectified 
and filtered. The circuit configuration shown will provide an 
output voltage of - 5. IV for current loadings in the range O.SmA 
to 9mA. This will satisfy the AD7225 Iss requirement over the 
commercial operating temperature range. 


1/6 CD4049AE 



Figure 26. 1/ss Generation Circuit 


MECHANICAL INFORMATION 
OUTLINE DIMENSIONS 

Dimensions shown in inches and (mm). 

24-PIN CERAMIC (SUFFIX D) 



24-PIN PLASTIC (SUFFIX N) 



0.07(1.78) 0.02(0.5) 0.11(2.79) 15' 

0.05(1.27) 0.016(0.41) 0.09(2.28) 0 
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ANALOG 

DEVICES 


FEATURES 

Complete 12-Bit DAC on Single Chip 
On-Chip Reference 
Buffered Voltage Output 
Fast Digital Interface 
Low Power (60mW) 

Single or Dual Supply Operation 
Unipolar or Bipolar Output 
0.3" Skinny DIP 


AD7245 FUNCTIONAL BLOCK DIAGRAM 


Vdd Vref BOFS 


GENERAL DESCRIPTION 

The AD7245/48 is a complete, 12-bit, voltage-output, digital-to- 
analog converter with output amplifier and zener voltage reference 
on a monolithic CMOS chip. No external trims are required to 
achieve full specified performance for the part. 

The parts feature double-buffered interface logic with a 12-bit 
input register and 12-bit DAC register. Data is loaded to tile 
AD7245 input register in one 12-bit load while data for 
AD7248 input register is load ed in an 8-bit load followed by a 
4-bit load. A separate LDAC signal tr^sfers data;from the , 
input register to the DAC register. Only data held in the DAC 
register determines the analog output of the convertleh All logk 
inputs are TTL and CMOS (5V) level compatible and the control 
logic is speed compatible with most microprocessors. 

The on-chip zener diode provides a low-noise, temperature:, 
compensated reference for the DAC. The gain setting resistors 
allow a number of ranges at the output; 0 to + lOV, - 5V to 
+ 5V and 0 to + 5V, when operated in dual supplies. The part 
can also be operated in single supply providing unipolar output 
ranges. The output amplifier is capable of developing 4- lOV 
across a 2kn load. 

PRODUCT HIGHLIGHTS 

1. Complete 12-bit DAC: 

The AD7245/48 is a complete voltage output 12-bit DAC on 
one chip. This single-chip design of the DAC, reference and 
output amplifier is inherently more reliable than multi-chip 
designs. 

2. Single or Dual Supply Operation: 

The voltage-mode configuration of the AD7245/48 allows 
operation from a single power supply rail. The part can also 
be operated from dual supplies to allow bipolar outputs. 

DACPORT is a trademark of Analog Devices, Inc. 



AD7248 FUNCTIONAL BLOCK DIAGRAM 



3. Low-Power Consumption: 

Fabrication on a high-speed Linear Compatible CMOS 
(LC^MOS) process allows on-chip reference and amplifier 
circuits while retaining low-power consumption (60mW typical 
in single supply). 

4. Fast Digital Interface: 

The high-speed logic allows direct interfacing to 16-bit 
microprocessors for the AD7245 and to m ost 8- bit micropro¬ 
cessors for the AD7248. An asynchronous CLR function on 
the AD7245 allows features such as power-on reset to be 
implemented. 
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QPFriFirATinNC ±5%.AGND=DGND=0V;B0FS.AGNDconnected 

wPLuiriUHl lUllO unless oflwnriseslatBd. Ml s|)8Cifi(»tkinsTmi„ to TgggiUiriessatheiwise stated). 



AD7245/48JN1 

AD7245/48KN 





Parameter 

AD7245/48AD 

AD7245/48BD 

AD7245/48SD 

AD7245/48TD 

Units 

Test Conditions/Conunents 

STATIC PERFORMANCE 







Resolution 

12 

12 

12 

12 

Bits 


Relative Accuracy 

±2 

±1 

±2 

±1 

LSBmax 


Differential Nonlinearity 

±1 

±1 

±1 

±1 

LSBmax 

Guaranteed Monotonic 

Unipolar Offset Error 

±2 

±1 

±2 

±1 

LSB max 


Bipolar Offset Error at 25°C 

±2 

±1 

±2 

±1 

LSBmax 

BOFS connected to Vref 

Offset Error Temp. Coeff. 

50 

30 

50 

30 

p-V/°C max 


Full-Scale Error at 25°C 

±2 

±1 

±2 

±1 

LSB max 


Full-Scale Temp. Coeff. 

±5 

±5 

±5 

±5 

ppm/®Cmax 


DIGITAL INPUTS 







Input High Voltage, Vinh 

2.4 

2.4 

2.4 

2.4 

Vmm 


Input Low Voltage, Vinl 

0.8 

0.8 

0.8 

0.8 

Vmax 


Input Current 







IiNH 3t 25®C 

-1 

-1 

-1 

-1 

p,Amax 


Tfliin 

-10 

-10 

-10 

-10 

(jiAmax 


IlNL at 25®C 

100 

100 

100 

100 

IxAmax 


Tnun to Tjjmx 

100 

100 

100 

100 

jxAmax 


Input Capacitance 

8 

8 

8 

8 

pFmax 


ANALOG OUTPUT 







Ranges 

+ 5,+10 

+ 5, + 10 

+ 5,+10 

+ 5,+10 

V 

RL = 2kn,CL = 100pF 


±5 

±5 

±5 

±5 

V 


D.C. Output Impedance 

0.5 

0.5 

0.5 

0.5 

fttyp 


Short Circuit Current 

40 

40 

40 

40 

mA max 


Reference Output 

4.95/5.05 

4.95/5/05 

4.95/5.05 

4.95/5.05 

V min/V max 

Typically 5V 

Reference T emperature 







Coefficient 

20 

20 

20 

20 

ppm/°C typ 


Reference External Current 

1 

1 

1 

1 

mAmin 


DYNAMIC PERFORMANCE 







Output Voltage Settling Time 






SetdingTimeto ± 1/2LSB 

Positive Full-Scale Change 

5 

5 

5 

5 

jxsmax 

DAC Register all O’s to all I’s. 

Negative Full-Scale Change 

5 

5 

5 

5 

|xsmax 

DAC Resgister all I’s to all O’s. 

Negative FuU-Scale Change 

10 

10 

10 

10 

|xsmax 

DAC Resister all I’s to all O’s. 

(Vss = OV) 







Output Voltage Slew Rate 

2 

2 

2 

2 

V/(xsmin 


Digital Feedthrough 

50 

50 

50 

50 

nV secs typ 


POWER SUPPLIES 







Vdd Range 

11.4/15.75 

11.4/15.75 

11.4/15,75 

11.4/15.75 

V min/V max 


Vss Range 

-11.4/-15.75 

-11.4/-15.75 

1 

1 

1 

1 

V min/V max 


Idd 







at25"C 

5 

5 

5 

5 

mAmax 


TmintoTmax 

10 

10 

10 

10 

mA max 


Iss 







at25°C 

4 

4 

4 

4 

mAmax 


TmintoTmax 

8 

8 

8 

8 

mAmax 



NOTES 

^Temperature ranges are as follows: 
AD7245/48JN, KN 0 to 70X 
AD7245/48AD, BD - 25“C to + 85‘“C 
AD7245/48SD, TD - 55Xto + 125“C 
Specifications subject to change without notice. 
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PI ANALOG 

LC^MOS 

U DEVICES 

(tP Compatible 14-Bit DAC 


AD7534 


FEATURES 

All Grades 14-Bit Monotonic over the Full Temperature 
Range 

Full 4-Quadrant Multiplication 
Microprocessor Compatible with Double Buffered 
Inputs 

Exceptionally Low Gain Temperature Coefficient, 
O.Sppm/X typ 
Small 20-Pin Package 

Low Output Leakage (<20nA) over the Full 
Temperature Range 

APPLICATIONS 

Microprocessor Based Control Systems 
Digital Audio Reconstruction 
High Precision Servo Control 
Control and Measurement in High Temperature 
Environments 


AD7534 FUNCTIONAL BLOCK DIAGRAM 


VpD 





GENERAL DESCRIPTION 

The AD7534 is a 14-bit monolithic CMOS D/A converter which 
uses thin-film resistors and laser trimming to achieve excellent 
linearity. 

The device is configured to accept right-justified data in two 
bytes from an 8-bit data bus. Standard Chip Select and Memory 
Write logic is used to access the DAC. Address lines AO and A1 
control internal register loading and transfer. 

A novel low leakage configuration (patent pending) enables the 
AD7534 to exhibit excellent output leakage current characteristics 
over the specified temperature range. 

The device is fully protected against CMOS “latch up** phenomena 
and does not require the use of external Schottky diodes or the 
use of a FET Input op-amp. The AD7534 is manufactured 
using the Linear Compatible CMOS (LC^MOS) process. It is 
speed compatible with most microprocessors and accepts TTL 
or CMOS logic level inputs. 


2. Low Output Leakage 

By tying Vss (pin 20) to a negative voltage, it is possible to 
achieve a low output leakage current at high temperatures. 

3. Microprocessor Compatibility 

High speed input control (TTL/5V CMOS compatible) allows 
direct interfacing to most of the popular 8-bit and 16-bit 
microprocessors. 

4. Monolithic Construction 

For increased reliabihty and reduced package size - 0.3" 
20-pin package. 


PRODUCT HIGHLIGHTS 

1. Guaranteed Montonicity 

The AD7534 is guaranteed monotonic to 14-bits over the full 
temperature range for all grades. 
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QPPriPIPATinMQ^ {Vdd= +11.4Vto+15.75V*,VRE,= +10V,VpiH3 = V„H 4 = 0V,Vss= -SflflmV. 
Ol LU11 IUH11UliO Ail specifications to Tn,ax unless otherwise stated) 


Parameter 

AD7534JN 

AD7534AD 

AD7534KN 

AD7534BD 

1 

AD7534SD 

AD7534TD 

Units 

, Test Conditions/Comments 

ACCURACY 







Resolution 

14 

14 

14 

14 

Bits 


Relative Accuracy 

±2 

±1 

±2 

±1 

LSB max 

All grades guaranteed monotonic 

Differential Nonlinearity 

±1 

±1 

±1 

±1 

LSB max 

over temperature. 

Full Scale Error 

±8 

±4 

±8 

±4 

LSB max 

Measured using internal Rfb and 







includes effects of leakage 







current and gain T.C. 

Gain Temperature Coefficient^ 







AGain/AT emperature 

±5 

±2.5 


±2.5 

ppm/°C max 

Typical value is 0.5ppm/°C 

Output Leakage Current Iqut 







(Pin 3) 







+ 25°C 

±5 

±5 

±5 

±5 

nA max 

All digital inputs OV 

Tmin to Tmax 

±10 

±10 

±20 

±20 

nA max 

Vss = - 300mV 

Tmin toTmax 

±25 

±25 

±150 

1+ 

o 

nA max 

Vss = 0V 

REFERENCE INPUT 







Input Resistance, Pin 1 

3.5 

3.5 

3.5 

3.5 

kn min 

Typical Input Resistance = bkfl 


10 

10 

10 

10 

kn max 


DIGITAL INPUTS 







ViH (Input High Voltage) 

2.4 

2.4 

2.4 

2.4 

V min 


ViL (Input Low Voltage) 

0.8 

0.8 

0.8 

0.8 

V max 


IiN (Input Current) 







+ 25°C 

±1 

±1 

±1 

±1 

p.A max 

VrN = 0VorVDD 

Tmin fO Tmax 

±10 

±10 

±10 

±10 

IxA max 


CiN (Input Capacitance)^ 

7 

7 

7 

7 

pFmax 


POWER SUPPLY 







Vdd Range 

11.4/15.75 

11.4/15.75 

11.4/15.75 

11.4/15.75 

V min/V max 

Specifications guaranteed over 

Vss Range 

-200/-500 

-200/-500 

-200/-500 

-200/-500 

mV min/mV max 

this range. 

Idd 

3 

3 

3 

3 

mAmax 

All digital inputs Vil or Vjh 


500 

500 

500 

500 

|xAmax 

All digital inputs OV or Vdd 


AC PERFORMANCE CHARACTERISHCS 

These characteristics are included for Design Guidance only and are not subject to test 

(Vref= + 10V> VpiN 3 = VpiN 4 = OV. Vss = - 300mV, Output Amplifier is AD544 except where stated). 


Parameter 

Vdd= + 11.4V to + 15.75V 
TA=25°CTA=T„i„,T„„ 

Units 

Test Conditions/Comments 

Output Current Settling Time 

1.5 

- 

}xs max 

To 0.003% of full scale range. 

Digital to Analog Glitch Impulse 

100 


nV-sec typ 

Iqut load = lOOfl, 

Cext= 13pF. DAC register alternately 
loaded with all 1 ’s and all O’s. 

Typical value of Settling Time is 0.8|jls. 

Measured with Vref = OV. Iqut load 

Multiplying Feedthrough Error‘‘ 

3 

5 

mV p-p typ 

= 100n,CEXT-13pF.DAC 
register alternately loaded with all 

I’s and all O’s. 

Vref= - lOV, lOkHz sine wave 

Power Supply Rejection 

AGain/AVDD 

±0.01 

±0.02 

% per % max 

DAC register loaded with ail O’s. 

AVdd=±5% 

Output Capacitance 

CouT (Pitt 3) 

260 

260 

pFmax 

DAC register loaded with all 1 ’s 

CouT (Pitt 3) 

130 

130 

pF max 

DAC register loaded with all O’s 

Output Noise Voltage Density 
(lOHz- lOOkHz) 

15 

- 

nV/V^Iz typ 

Measured between Rfb and Iqut 


NOTES 

‘Temperature range as follows: JN,KN Versions: 0to+70°C 

AD, BD Versions: - 25°C to + 85°C 
SD, TD Versions: - 55°C to + 125°C 

^Specifications are guaranteed for a Vdd of + 11.4V to + 15.75V. At Vdd = 5V,the device is fullyfunctional with degraded specifications. 
^Guaranteed by Product Assurance testing. 

‘‘Feedthrough can be further reduced by connecting the metal lid on the ceramic package to DGND. 

Specifications subject to change without notice. 
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(Ydd= +11.4Vto + 15.75V, Vref = +10V,Vp,N3 = Vp,M 4 = OV, Yjs = -300mY) 


TIMING CHARACTERISTICS' 


Parameter 

Limit at 

Ta = 25®C 

Limit at 

TA=0to+70“C 

Ta= -25“Cto +85*C 

Limit at 

TA=-55‘‘Cto+125“C 

Units 

Test Conditions/Comments 

ti 

0 

0 

0 

ns min 

Address Valid to Write Setup Time 

t2 

0 

0 

0 

ns min 

Address Valid to Write Hold Time 

t3 

60 

70 

80 

ns min 

Data Setup Time 

t4 

20 

20 

30 

ns min 

Data Hold Time 

t5 

0 

0 

0 

ns min 

Chip Select to Write Setup Time 

t6 

0 

0 

0 

ns min 

Chip Select to Write Hold Time 

t? 

170 

200 

240 

ns min 

Write Pulse Width 


NOTES 

'Temperature range as follows: 


JN,KN Versions: 
AD, BD Versions: 
SD, TD Versions: 


Oto +70°C 
-25°Cto+85“C 
-55°Cto + 125°C 


Specifications subject to change without notice. 


ABSOLUTE MAXIMUM RATINGS 

(Ta = 25°C unless otherwise stated) 

Vdd (Pin 19) to DGND.-0.3V, + 17V 

Vss (Pin 20) to AGND.- 15V, +0.3V 

Vref (Pin 1) to AGND. ±25V 

Vrfb (Pin 2) to AGND.±25V 

Digital Input Voltage (Pins 7-18) to DGND . . -0.3V, Vdd 

VpiN 3 to DGND. - 0.3V, Vdd 

AGND to DGND. -0.3V, Vdd 

Power Dissipation (Any Package) 

To +75°C. 450mW 

Derates above + 75°C.6mW/°C 


Operating Temperature Range 

Commercial Plastic (JN, KN, versions).0 to + 70°C 

Industrial Ceramic (AD, BD, versions) . . -25°C to +85°C 

Extended Ceramic (SD, TD, versions) , . — 55°C to + 125°C 

Storage Temperature.-65°C to + 150°C 

Lead Temperature (Soldering, 10 secs).+300°C 


♦Stresses above those listed under “Absolute Maximum Ratings” may cause 
permanent damage to the device. This is a stress rating only and functional 
operation of the device at these or any other conditions above those 
indicated in the operational sections of this specification is not implied. 
Exposure to absolute maximum rating conditions for extended periods may 
affect device reliability. 


CAUTION: 

ESD (Electro-Static-Discharge) sensitive device. The digital control inputs are 
zener protected; however, permanent damage may occur on unconnected devices 
subject to high energy electrostatic fields. Unused devices must be stored in 
conductive foam or shunts. The protective foam should be discharged to the 
destination socket before devices are removed. 



ORDERING INFORMATION 




1 Temperature Range and Package 

Relative Accuracy 
T^toT^ 

Full Scale Error 
T^toT.„ax 

Plastic 

0to+70‘*C 

Ceramic 
-25Xto +85X 

Ceramic 

-55Xto+125°C 

±2LSB 

±8LSB 

AD7534JN 

AD7534AD 

AD7534SD 

±1LSB 

±4LSB 

AD7534KN 

AD7534BD 

AD7534TD 


PIN CONFIGURATION 



Vss 

Vdd 

CS 

WR 

AO 

A1 

DBO 

DB1 

DB2 

DB3 
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TERMINOLOGY 

RELATIVE ACCURACY 

Relative accuracy or endpoint nonlinearity is a measure of the 
maximum deviation from a straight line passing through the 
endpoints of the DAC transfer function. It is measured after 
adjusting for zero error and full scale error and is normally 
expressed in Least Significant Bits or as a percentage of full 
scale reading. 

DIFFERENTIAL NONLINEARITY 

Differential nonlinearity is the difference between the measured 
change and the ideal ILSB change between any two adjacent 
codes. A specified differential nonlinearity of ± ILSB max over 
the operating temperature range ensures monotonicity. 

FULL-SCALE ERROR 

Full scale error or gain error is a measure of the output error 
between an ideal DAC and the actual device output. Full scale 
error is adjustable to zero with an external potentiometer. 


DIGITAL TO ANALOG GLITCH IMPULSE 

The amount of charge injected from the digital inputs to the 
analog output when the inputs change state. This is normally 
specified as the area of the glitch in either pA-secs or nV-secs 
depending upon whether the glitch is nieasured as a current or 
voltage. The measurement takes place with Vref=AGND. 

OUTPUT CAPACITANCE 

Capacitance from lour to AGND. 

OUTPUT LEAKAGE CURRENT 

Current which appears at Iqut with the DAC register loaded to 
aU O^s. 

MULTIPLYING FEEDTHROUGH ERROR 

AC error due to capacitive feedthrough from Vref terminal to 
Iqut with DAC register loaded to all zeros. 


MECHANICAL INFORMATION 
OUTLINE DIMENSIONS 

Dimensions shown in inches and (mm). 

20-PIN CERAMIC DIP (SUFFIX D) 20-PIN PLASTIC DIP (SUFFIX N) 


i 


nnjnunmim 

I 


L^O.018 ±0.002 L- 

0.50 (1.27) TYP 

_ 0.900 ±0.005_ 


(22.86 ±0.13) 

TOL NON ACCUM 

NOTES. 

1. LEAD NUMBER 1 IDENTIFIED BY DOT OR NOTCH. 

2. LEADS WILL BE EITHER GOLD OR TIN PLATED IN ACCORDANCE 
WITH MIL-M-38510 REQUIREMENTS, 






Ir'VVWWW'Tl 


_L 


1.07 (27.181 
MAX 



LEAD NO. 1 IDENTIFIED BY DOT OR NOTCH 
LEADS ARE SOLDER OR TIN-PUTED KOVAR OR ALLOY 42 
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Pin Function Description 

1 Vref Reference Input Voltage 

2 RpB Feedback resistor. Used to close the loop around an external op-amp. 

3 lour Current Output Terminal 

4 AGNDS Analog ground sense line. Reference point for external circuitry. This pin should carry minimal current. 

5 AGNDF Analog ground force line; carries current from internal analog ground connections. Aqndf and Aqnds are tied 

together internally. 

6 DGND Digital Ground 

7 DB7 Data Bit 7 

8 DB6 Data Bit 6 

9 DBS Data Bit 5 or Data Bit 13 (DAC MSB) 

10 DB4 Data Bit 4 or Data Bit 12 

11 DB3 Data Bit 3 or Data Bit 11 

12 DB2 Data Bit 2 or Data Bit 10 

13 DBl Data Bit 1 or Data Bit 9 

14 DBO Data Bit 0 or Data Bit 8 

15 A1 Address line 1 

16 AO Address line 0 

17 WR Write input. Active low. 

18 CS Chip Select Input. Active low. 


W5 

C5 

Al 

AO 

Function 

X' 

1 

X 

X 

Device not selected 

1 

X 

X 

X 

No data transfer 

0 

0 

0 

0 

DAC loaded directly from Data Bus^ 

0 

0 

0 

1 

MS Input Register loaded from Data Bus 

0 

0 

1 

0 

LS Input Register loaded from Data Bus 

0 

0 

1 

1 

DAC Register loaded from Input Registers. 


NOTES 

1. X = Don’t Care 

2. When Ai = 0, Ao = 0 all DAC registers are transparent, so by placing all Q’s or all I’s on the data inputs the user can load the 
DAC to zero or full scale output in one write operation. This facility simplifies system calibration. 

19 Vdd + 12V to + 15V supply input. 

20 Vss Bias pin for High Temperature Low Leakage configuration. To implement low leakage system, the pin should 

be at a negative voltage. See Figures 4,5 or 6 for recommended circuitry. 




NOTES 

1. ALL INPUT SIGNAL RISE AND FALL TIMES MEASURED FROM 10% TO 90% OF +5V. L=t, = 20ns. 

2. TIMING MEASUREMENT REFERENCE LEVEL IS 


Figure 1. AD7534 Timing Diagram 
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Rfb 

Iqut 

AGNDS 

AGNDF 


Figure 2. Simplified Circuit Diagram for the AD7534 D/A Section 


CIRCUIT INFORMATION - D/A SECTION 

Figure 2 shows a simplified circuit diagram for the AD7534 
D/A section. The three MSB’s of the 14-bit Data Word are 
decoded to drive the seven switches A-G. The 11 LSB’s of the 
Data Word drive an inverted R-2R ladder which steers the 
binarily weighted current available to it between lour and 
AGNDF. 

If I is taken as the input current at Vref the input current to 
the R-2R ladder is 1/8. 7/8 I flows in the parallel ladder structure. 
Switches A-G steer binarily weighted current between lour and 
AGNDF. 

The input resistance at Vref is constant and may be driven by a 
voltage source or a current source of positive or negative 
polarity. 

EQUIVALENT CIRCUIT ANALYSIS 

Figure 3 shows an equivalent circuit for the analog section of 
the AD7534 D/A converter. The current source Ileakage is 
composed of surface and junction leakages. The resistor Rq 
denotes the equivalent output resistance of the DAC which 
varies with input code. Gout is the capacitance due to the current 
steering switches and varies from about 90pF to 180pF (typical 
values) depending upon the digital input. g(VREF» N) is the 
Thevenin equivalent voltage generator due to the reference 


R/4 



Rfb 


AGNDS 

AGNDF 


Figure 3. AD7534 Equivalent Analog Output Circuit 

input voltage, Vref? and the transfer function of the R-2R 
ladder, N. 

CIRCUIT INFORMATION - DIGITAL SECTION 

The digital inputs are designed to be both TTL and 5V CMOS 
compatible. All logic inputs are static protected MOS gates with 
typical input currents of less than InA. Internal input protection 
is achieved by an on-chip distributed diode from DGND to 
each MOS gate. To minimize power supply currents, it is 
recommended that the digital input voltages be driven as close 
as possible to 0 and 5V logic levels. 
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Applying the AD7534 


UNIPOLAR BINARY OPERATION 
(2.QUADRANT MULTIPLICATION) 

Figure 4 shows the circuit diagram for unipolar binary operation. 
With an ac input, the circuit performs 2-quadrant multiplication. 
The code table for Figure 4 is given in Table I. 

Capacitor Cl provides phase compensation and helps prevent 
overshoot and ringing when high speed op-amps are used. 



Figure 4. Unipolar Binary Operation 


For high temperature applications, resistors and potentiometers 
should have a low Temperature Coefficient. In many applications, 
because of the excellent Gain T.C. and Gain Error specifications 
of the AD7534, Gain Error trimming is not necessary. 

BIPOLAR OPERATION 
(4-QUADRANT MULTIPLICATION) 

The recommended circuit diagram for bipolar operation is shown 
in Figure 5. Offset binary coding is used. 

With the DAC loaded to 10 0000 0000 0000, adjust R3 for Vq 
= OV. Alternatively, one can omit R3 and R4 and adjust the 
ratio of R7 and R 8 for Vq = OV. Full scale trimming can be 
accomplished by adjusting the amplitude of Vin or by varying 
the value of R9. 

Resistors R7, R 8 and R9 should be matched to 0.003%. Mismatch 
of R7 and R 8 causes both offset and full scale error. When 
operating over a wide temperature range, it is important that 
the resistors be of the same type so that their temperature coefficient 
match. 

The code table for Figure 5 is given in Table II. 


Binary Number In 
DAC Register 

MSB LSB 

11 nil nil nil 
10 0000 0000 0000 
00 0000 0000 0001 
00 0000 0000 0000 


Analog Output, Vout 



OV 


Table /. Unipolar Binary Code Table for AD7534 



ZERO OFFSET AND GAIN ADJUSTMENT FOR 
FIGURE 4. 

Calibration codes for zero and full scale adjust (all O’s, all 
I’s) can be loaded in one write operation (see Pin Function 
Description). 

Zero Offset Adjustment 

1 . Load DAC register with all O’s. 

2. Adjust offset of amplifier A1 so that Vq is at a minimum 
(i.e., <30p,V). 

Gain Adjustment 

1. Load DAC register with all I’s. /l6383\ 

2. Trim potentiometer R3 so that Vo= - 1 5334 / 

In fixed reference applications full scale can also be adjusted 
by omitting R3 and R4 and trimming the reference voltage 
magnitude. 


Binary Number in 

DAC Register 

MSB LSB 

Analog Output 

11 

1111 

nil 

nil 

+ ViNj 

^819l\ 
^8192j 

10 

0000 

0000 

0001 


— ) 
^8192 / 

10 

0000 

0000 

0000 

c 

\ 

01 

nil 

nil 

nil 

-V,n| 

^8192/ 

00 

0000 

0000 

0000 

“Vin| 

^8192^ 

^8192/ 


Table II. Bipolar Code Table for Offset Binary 
Circuit of Figure 5. 
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GROUNDING TECHNIQUES 

Since the AD7534 is specified for high accuracy, it is important 
to use a proper grounding technique. The two AGND pins 
(AGNDF and AGNDS) provide flexibility in this respect. In 
Figure 4, AGNDS and AGNDF are externally shorted and A2 
is not used. Voltage drops due to bond wire resistances are not 
compensated for in this circuit. This means that an extra linearity 
error of less than 0.1 LSB is added to the DAC linearity error. If 
the user wishes to eliminate this extra error, then the circuit of 
Figure 6 should be used. Here, A2 is used to maintain AGNDS 


at Signal Ground potential. By using the Force, Sense technique 
all switch contacts on the DAC are at exactly the same potential 
and any error due to bond wire resistance is eliminated. 

Figure 7 shows a Printed Circuit Board layout for the AD7534 
with a single output amplifier. The input to Vref (pin 1) is 
shielded to reduce ac feedthrough while the digital inputs are 
shielded to minimize digital feedthrough. The tracks connecting 
lour and AGNDS to the inverting and noninverting op amp 
inputs are kept as short as possible. Gain trim components, R3 
and R4, have been omitted. 


Vdd 



NOTE 

CONTROL INPUTS OMITTED FOR CLARITY 


Figure 6. Unipolar Binary Operation with Forced Ground 


v+ V- 



LAYOUT IS FOR DOUBLE SIDED PCB. 

DOTTED LINE INDICATES TRACK ON COMPONENT SIDE. 


ZERO OFFSET AND GAIN ADJUSTMENT FOR 
FIGURE 6 

Zero Offset Adjustment 

1. Load DAC register with all O’s. 

2. Adjust offset of amplifier A2 for minimum potential at AGNDS. 
This potential should be <30|xV with respect to Signal 
Ground. 

3. Adjust offset of amplifier A1 so that Vq is at a minimum 
(i.e. ::<30|xV). 

Gain Adjustment 

1. Load DAC register with all Ts. /l6383\ 

2. Trim potentiometer R3 so that Vo= ~^IN\Y63^/ 


Figure 7. Suggested Layout for AD7534 Incorporating 
Output Amplifier 
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LOW LEAKAGE CONFIGURATION 

For CMOS Multiplying D/A converters, as the device is operated 
at higher temperatures the output leakage current increases. For 
a 14-bit resolution system, this can be a significant source of 
error. The AD7534 features a leakage reduction configuration to 
keep the leakage current low over an extended temperature 
range. One may operate the device with or without this config¬ 
uration. If Vss (pin 20) is tied to AGND then the DAC will 
exhibit normal output leakage current at high temperatures. To 
use the low leakage facility, Vss should be tied to a voltage of 
approximately -0.3V as in Figures 4, 5 and 6. A simple resistor 
divider (R5, R6) produces -312mV from - 15V. The capacitor 
C2 in parallel with R6 is an integral part of the low leakage 
configuration and must be 4.7p,F or greater. Figure 8 is a plot 
of leakage current versus temperature for both conditions. It 
clearly shows the improvement gained by using the low leakage 
configuration. 

OP AMP SELECTION 

In choosing an amplifier to be used with the AD7534, three 


parameters are of prime importance. These are Input Offset 
Voltage (Vos)» Input Bias Current, (Ibias) and Offset Voltage 
Drift. To maintain specified accuracy with Vref at lOV, Vqs 
must be less than 30fjLV while Ibias should be less than 2nA. 
Also the open loop gain of the amplifier must be sufficiently 
high to keep Vqs— 30|xV for the full output voltage range. Thus 
for a max output of lOV, Avol must be greater than 340,000. 

An amplifier with low offset voltage drift is required to give the 
desired system accuracy over an operating temperature range. 

At low frequencies the AD OP-07 satisfies the above requirements 
and in most cases will not need an offset adjust potentiometer. 

For high frequency operation, one may use a wide bandwidth 
amplifier such as the AD544 or the LF356 with either an offset 
adjust potentiometer or automatic nulling circuitry. 

The choice of amplifier depends entirely on the required system 
accuracy, the required temperature range, and the operating 
frequency. 



30 40 50 60 70 80 90 100 110 120 130 


TEMPERATURE - “C 

Figured. Graph of Typical Leakage Current vs. Temperature 
forAD7534 
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MICROPROCESSOR INTERFACING 
AD7534 - 8085A INTERFACE 

A typical interface circuit for the AD7534 and the 8085A micro¬ 
processor is given in Figure 9. The microprocessor sees the 
DAC as four memory locations, identified by address lines AO, 
Al. In standard operation, three of these memory locations are 
used. A sample program for loading the DAC with a 14-bit 
word is given in Table III. The AD7534 has address locations 
3000-3003. 

The six MSBs are written into location 3001, and the eight 
LSBs are written to 3002. Then with a write instruction to 3003 



^LINEAR CIRCUITRY 
OMITTED FOR CLARITY 


Figure 9. AD7534 - 8085A Interface 


the full 14-bit word is loaded to the DAC register and the analog 
equivalent appears at the output. 

AD7534 - 8086 INTERFACE 

The Ap75^4 may be interfaced to the 16-bit 8086 microprocessor 
using the circuit of Figure 10. The bottom 8 bits (AD0-AD7) 
of the 16-bit data bus are connected to the DAC data bus. The 
14-bit word is loaded in two bytes using the MOV instruction. 

A further MOV loads the DAC register and causes the analog 
data to appear at the converter output. For the example given 
here, the appropriate DAC register addresses are D002, D004, 
D006. The program for loading the DAC is given below in 
Table IV. 



OMITTED FOR CLARITY 

Figure 10. AD7534 - 8086 Interface Circuit 


Address 

Op-Code 

Mnemonic 

2000 

26 

MVIH,#30 

01 

30 


02 

2E 

MVIL,#01 

03 

01 


04 

3E 

MVIA,#“MS” 

05 

“MS” 


06 

77 

MOVM,A 

07 

2C 

INRL 

08 

3E 

MVIA,#“LS” 

09 

“LS” 


OA 

77 

MOVM,A 

OB 

2C 

INRL 

OC 

77 

MOVM,A 

200D 

CF 

RSTI 


Table III. Program Listing for Figure 9 

ASSUME DS: DACLOAD, CS : DACLOAD 
DACLOAD SEGMENT AT 000 


00 

8CC9 

MOVCX,CS 

: DEFINE DATA SEGMENT REGISTER EQUAL 

02 

8ED9 

MOVDS,CX 

: TO CODE SEGMENT REGISTER 

04 

BF02D0 

MOVDI,#D002 

: LOAD DI WITH D002 

07 

C605“MS” 

MOV MEM,# “MS” 

: MS INPUT REGISTER LOADED WITH “MS” 

OA 

47 

INCDI 


OB 

47 

INCDI 


OC 

C605“LS” 

MOV MEM,# “LS” 

: LS INPUT REGISTER LOADED WITH “LS” 

OF 

47 

INCDI 


10 

47 

INCDI 


11 

C60500 

MOVMEM,#00 

: CONTENTS OF INPUT REGISTERS 

ARE LOADED TO THE DAC REGISTER. 

14 

EAOOOO 

JMPMEM 

: CONTROL IS RETURNED TO THE MONITOR 

17 

OOFF 


PROGRAM 


Table IV. Sample Program for Loading AD7534 from 8086 
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AD7534 - MC6809 INTERFACE 

Figure 11 shows an interface circuit which enables the AD7534 
to be programmed using the MC6809 8-bit microprocessor. By 
making use of the 16-bit D Accumulator, the transfer of data is 
simplified. The two key processor instructions are: 


AD7534 - Z80 INTERFACE 

Interfacing to the Z80 microprocessor requires a minimal amount 
of extra components. The circuit consists of the Z80 processor, 
the AD7534 and an address decoder for the DAC. Figure 13, 
below, illustrates the circuit. 



♦LINEAR CIRCUITRY 
OMITTED FOR CLARITY 


Figure 11. AD7534 - MC6809 Interface Circuit 

AD7534 - 6502 INTERFACE 

The interface circuit for the 6502 microprocessor is shown in 
Figure 12. 



♦LINEAR CIRCUITRY 
OMITTED FOR CLARITY 


Figure 12. AD7534 - 6502 Interface 
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AD7534 - MC68000 INTERFACE 

Interfacing between the MC68000 and the AD7534 is accomplished 
using the circuit of Figure 14. The following routine writes data 
to the DAC input registers and then outputs the data via the 


DAC register. 

•A2E003 

01000 MOVE.W #W,D0 

MOVEP. W DO,$0000 (A2) 


MOVE.W D0,$E006 

MOVE.B #228,D7 

TRAP # 14 


Address Register 2 is loaded with E003. 

The desired DAC data, W, is loaded 
into Data Register 0. W may be any value 
between 0 and 16383 (decimal) or 0 
and 3FFF (hexadecimal). 

The data W is transferred between DO 
and the Input Registers of the DAC. 

The high order byte of data is trans¬ 
ferred first. The memory address is 
specified using the address register in¬ 
direct plus displacement addressing 
mode. The address used in this instance 
(E003) is odd and so data is transferred 
on the low order half of the data bus 
(D0-D7). 

This instruction provides appropriate 
signals to transfer the data W from the 
DAC Input Registers to the DAC Regis¬ 
ter, which controls the switches in the 
14-bit D/A structure. 

Control is returned to the System Monitor 
Program using these two insructions. 


Since only the lower half of the Data Bus is used in this interfacing 
system, it is also suitable for use with the MC68008. This provides 
the user with an eight bit data bus instead of the MC68000’s 
sixteen bit data bus. 



OMITTED FOR CLARITY 

Figure 14. AD7534 - MC68000 Interface 

DIGITAL FEEDTHROUGH 

In the preceeding interface configurations, most digital inputs to 
the AD7534 are directly connected to the microprocessor bus. 
Even when the device is not selected, these inputs will be constantly 
changing. The high frequency logic activity on the bus can feed 
through the DAC package capacitance to show up as noise on 
the analog output. To minimize this digital feedthrough isolate 
the DAC from the noise source. Figure 15 shows an interface 



OMITTED FOR CLARITY 

Figure 15. AD7534 Interface Circuit Using Latches to 
Minimize Digital Feedthrough 

circuit which physically isolates the DAC from the bus. One 
may also use other means, such as peripheral interface devices, 
to reduce the digital feedthrough. 
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n ANALOG 

LC^MOS 

U DEVICES 

(tP Compatible 14-Bit DAC 


AD7535 


FEATURES 

All Grades 14-Bit Monotonic over the Full Temperature 
Range 

Full 4 Quadrant Multiplication 
Microprocessor Compatible with Double Buffered 
Inputs 

Exceptionally Low Gain Temperature Coefficient, 
O.SppmrC typ 

Low Output Leakage (<20nA) over the Full 
Temperature Range 

APPLICATIONS 

Microprocessor Based Control Systems 
Digital Audio 
Precision Servo Control 

Control and Measurement in High Temperature 
Environments 


AD7535 FUNCTIONAL BLOCK DIAGRAM 


Vrefs 

Vree, 


N.C. Vdo 



DB13 DBO DGND Vj 


•out 

AGNDS 

AGNDF 

LDAC 

CSLSB 

CSMSB 

WR 


GENERAL DESCRIPTION 

The AD7535 is a 14-bit monolithic CMOS D/A converter which 
uses laser trimmed thin-film resistors to achieve excellent 
linearity. 

Standard Chip Select and Memory Write logic is used to access 
the DAC. 

A novel low leakage configuration (patent pending) enables the 
AD7535 to exhibit excellent output leakage current characteristics 
over the specified temperature range. 

The device is fully protected against CMOS “latch up” phenomena 
and does not require the use of external Schottky diodes or the 
use of a FET Input op-amp. The AD7535 is manufactured 
using the Linear Compatible CMOS (LC^MOS) process. It is 
speed compatible with most microprocessors and accepts TTL 
or CMOS logic level inputs. 


3. Microprocessor Compatibility 

High speed input control (TTL/5V CMOS compatible) allows 
direct interfacing to most of the popular 8-bit and 16- bit 
mic roproces sors. When interfacing to 8-bit processors CSMSB 
and CSLSB are separate and the 8-bit data bus is connected 
to both the MS Input Register and the LS Inpu t Regist er. 
For straight 14-bit parallel loading CSMSB and CSLSB are 
tied together giving one chip select to load the 14-bit word. 


PRODUCT HIGHLIGHTS 

1. Guaranteed Monotonicity 

The AD7535 is guaranteed monotonic to 14-bits over the full 
temperature range for all grades. 

2. Low Output Leakage 

By tying Vss (pin 27) to a negative voltage, it is possible to 
achieve a low output leakage current at high temperatures. 
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QPPriFirATinMC^ (Vm= +11.4V to +I5.75V', V„£f= +10V: Vp,H 4 =Vp„ 5 =l)V. Vss= -300mV 
VI kV I r I Ufl 11Uli V Ml specifications Vm to T^ax unless otherwise stated.) 


Parameter 

AD7535JN 

AD7535AD 

AD7535KN 

AD7535BD 

AD7535SD 

AD7535TD 

Units 

Test Conditions/Comments 

ACCURACY 







Resolution 

14 

14 

14 

14 

Bits 


Relative Accuracy 

±2 

' ±1 

±2 

±1 

LSBmax 

All grades guaranteed monotonic 

Differential Nonlinearity 

±1 

±1 

±1 

±1 

LSB max 

over temperature. 

Full Scale Error 

±8 

±4 

±8 

±4 

LSBmax 

Measured using internal Rfb and 







includes effects of leakage 







current and gain T .C. 

Gain Temperatiue Coefficient^; 







AGain/AT emperature 

±5 

±2.5 

±5 

±2.5 

ppmy°C max 

Typical value is 0.5ppm/‘’C 

Output Leakage Current Iqut (Pin 4) 







+ 25°C 

±5 

±5 

±5 

±5 

nAmax 

All digital inputs OV 

Tmin toTna;u[ 

±10 

±10 


±20 

nAmax 

Vss=-300mV 

Tmin to Tmax 

±25 

±25 

±150 

±150 

nAmax 

Vss = 0V 

REFERENCE INPUT 







Input resistance, pin 1 

3.5 

3.5 

3.5 

3.5 

kflmin 

Typical Input Resistance = Okfl 


10 , 

10 

10 

10 

kHmax 


DIGITAL INPUTS 







V iH (Input High V oltage) 

2.4 

2.4 

2.4 

2.4 

V min 


ViL (Input Low Voltage) 

0.8 

0.8 

0.8 

0.8 

V max 


IiN (Input Current) 







+ 25°C 

±1 

±1 

±1 

±1 

piAmax 

ViN = 0VorVDD 

Tmin to Tn,^ 

±10 

± 10 

±10 

±10 

|xA max 


CiN (Input Capacitance)^ 

7 

7 

7 

7 

pFmax 


POWER SUPPLY 







Vdd Range 

11.4/15.75 

11.4/15.75 

11.4/15.75 

11.4/15.75 

VminA/max 

Specification guaranteed over 

Vss Range 

-200/-500 

-200/-500 

-200/-500 

-200/-500 

mV min/mV max 

this range 

Idd 

4 

4 

4 

4 

mA max 

All digital inputs Vil or Vjh 

,1 

500 

500 

500 

500 

_1 

^lA max 

All digital inputs OV or Vdd 


These characteristics are included for Design Guidance only and are not subject to test 

AO DrOrnDMAMOIT OUADAOTCDICTIOC =+ll-4Yto + 15 . 75 Y,VRa:=+10V,Vp,N4=Vp,N5=0V,Vss=0V0R -300mV, 
Au I tKrUKIVIANUt unAKAbItKiolluO Output Amplifier is AD544exce^ where stated). 


Parameter 

TA = 25XTA = Tmi„,Tmax 

Units 

Test Conditions/Comments 

Output Current Settling Time 

1.5 


ixsmax 

To 0.003% of full scale range. 

Iqut load = lOOfl, 

Gext = 13pF. DAC register alternately 
loaded with all Ts and all O’s. 

Typical value of Settling Time 
isO.Sfxs. 

Digital to Analog Glitch Impulse 

50 


nV-sec typ 

Measured with Vref = OV. Iqut load 
= IOODjCexT” 13pF. DAC 
register alternately loaded with all 

I’sandall O’s. 

Multiplying Feedthrough Error'‘ 

3 

5 

mV p-p typ 

Vref= d: lOV, lOkHz sine wave 

DAC register loaded with all O’s. 

Power Supply Rejection 





AGain/AVnD 

±0.01 

±0.02 

% per % max 

AVdd= ±5% 

Output Capacitance 





Gout (Pitt 4) 

260 

260 

pFmax 

DAC register loaded with all 1 ’s 

Gout (Pitt 4) 

130 

130 

pF max 

DAC register loaded with all O’s 

Output Noise Voltage Density 



nVVSztyp 


(lOHz-lOOkHz) 

15 

- , 

Measured between Rfb and Iqut 


NOTES 

’ Temperature range as follows: JN, KN Versions: 0 to + 70°C 

AD, BD Versions: - 25°C to H- 85°C 

SD, TD Versions: - 55°C to + 125°C 

^Specifications are guaranteed for a Vdd of + 11.4V to + 15.75V. At Vdd = 5V, the device is fully functional with degraded specifications. 
^Guaranteed by Product Assurance testing. 

'‘Feedthrough can be further reduced by connecting the metal lid on the ceramic package to DGND. 

Specifications subject to change without notice. 
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TIMiyO f^UADAPTlTDICTIOCl 0 /dd— +11.4Vto +15.75V, Vrot— 4-lOV,Vp,N 4 ~VpiN 5 —OV, Vss— OVor —300mV 
11IVIIN U IM tiHKHu I tit 1011 Uo All specifications to T^ax unless otherwise stated. See Figure 1 for Timing Diagram.) 


Parameter 

Limit at 

Ta = 25X 

Limit at 

TA=0to-l-70X 

Ta= -25Xto +85X 

Limit at 

Ta= -55Xto +125“C 

Units 

Test Conditions/Comments 

ti 

0 

0 

0 

ns min 

CSMSB or CSLSB to WR Setup Time 

t2 

0 

0 

0 

ns min 

CSMSB or CSLSB to WR Hold Time 

t3 

170 

200 

240 

ns min 

LDAC Pulse Width 

t4 

170 

200 

240 

ns min 

Write Pulse Width 

ts 

140 

160 

180 

ns min 

Data Setup Time 

t6 

20 

20 

30 

ns min 

Data Hold Time 


NOTES 

‘Temperature range as follows: JN,KN Versions: 0to+70°C 

AD, BD Versions: - 25°C to + SS^C 

SD, TD Versions: - 55°C to + IZSX 

Specifications subject to change without notice. 


ABSOLUTE MAXIMUM RATINGS 

(Ta = 25°C unless otherwise stated) 

Vdd (pin 26) to DGND.. -0.3V, + 17V 

Vss (pin 27) to AGND.- 15V, + 0.3V 

Vrefs (pin 1) to AGND.±25V 

Vreff (pin 2) to AGND .±25V 

Vrfb (pin 3) to AGND.±25V 

Digital Input Voltage (pins 8-25) to DGND . . -0.3V, Vod 

Vpin4 to DGND.. -0.3V, Vdd 

AGND to DGND. -0.3V, Vdd 

Power Dissipation (Any package) 

To +75°C.lOOOmW 

Derates above +75°C.. . 10mW/X 


Operating Temperature Range 

Commercial Plastic (JN, KN versions).0 to + 70°C 

Industrial Ceramic (AD, BD versions) . . -25°Cto+85°C 

Extended Ceramic (SD, TD versions) . . - 55°C to + 125°C 

Storage Temperature ..-65Xto +150°C 

Lead Temperature (Soldering, 10 secs).+ 300°C 


♦Stresses above those listed under “Absolute Maximum Ratings” may cause 
permanent damage to the device. This is a stress rating only and functional 
operation of the device at these or any other conditions above those indicated 
in the operational sections of this specification is not implied. Exposure to 
absolute maximum rating conditions for extended periods may affect device 
reliability. 


CAUTION 

ESD (Electro-Static-Discharge) sensitive device. The digital control inputs are 
zener protected; however, permanent damage may occur on unconnected devices 
subject to high energy electrostatic fields. Unused devices must be stored in 
conductive foam or shunts. The protective foam should be discharged to the 
destination socket before devices are removed. 



ORDERING INFORMATION 




1 Temperature Range and Package 

Relative Accuracy 
T„^toT„ax 

Full Scale Error 

TmintoT„ax 

Plastic 

Oto +70X 

Ceramic 
-25Xto +85X 

Ceramic 

-55Xto +125X 

±2LSB 

±8LSB 

AD7535JN 

AD7535AD 

AD7535SD 

±1LSB 

±4LSB 

AD7535KN 

AD7535BD 

AD7535TD 


PIN CONFIGURATION 


Vrefs 

Vreff 

Rfb 

•out 

AGNDS 

AGNDF 

DGND 

(MSB)DB13 

DB12 

DB11 

DB10 

DBS 

DBS 

DB7 


AD7535 
TOP VIEW 
(Not to Scale) 


N.C. 

Vss 

Vdd 

WR 

CSLSB 

LDAC 

CSMSB 

DBO(LSB) 

DB1 

DB2 

DBS 

DB4 

DBS 

DBS 
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TERMINOLOGY 

RELATIVE ACCURACY 

Relative accuracy or end-point nonlinearity is a measure of 
the maximum deviation from a straight line passing through 
the end-points of the DAC transfer function. It is measured 
after adjusting for zero error and full scale error and is normally 
expressed in Least Significant Bits or as a percentage of full 
scale reading. 

DIFFERENTIAL NONLINEARITY 

Differential nonlinearity is the difference between the measured 
change and the ideal ILSB change between any two adjacent 
codes. A specified differential nonlinearity of ± ILSB max 
over the operating temperature range ensures monotonicity. 

FULL-SCALE ERROR 

Full scale error or gain error is a measure of the output 
error between an ideal DAC and the actual device output. 
Full scale error is adjustable to zero with an external 
potentiometer. 


DIGITAL-TO-ANALOG GLITCH IMPULSE 

The amount of charge injected from the digital inputs to the 
analog output when the inputs change state is called Digital-to- 
Analog Glitch Impulse. This is normally specified as the area 
of the glitch in either pA-secs or nV-secs depending upon 
whether the glitch is measured as a current or voltage. It is 
measured with Vref = AGND. 

OUTPUT CAPACITANCE 

This is the capacitance from Iqut to AGND. 

OUTPUT LEAKAGE CURRENT 

Output Leakage Current is current which appears at Iqut 
with the DAC register loaded to all O’s. 

MULTIPLYING FEEDTHROUGH ERROR 

This is the ac error due to capacitive feedthrough from Vref 
terminal to lour with DAC register loaded to all zeros. 


MECHANICAL INFORMATION 
OUTLINE DIMENSIONS 

Dimensions shown in inches and (mm). 

28-PIN CERAMIC DIP (SUFFIX D) 28-PIN PLASTIC DIP (SUFFIX N) 





f 

0.60 (15.24) 
0.568(14.43) 

1 


1.418(36.02) 

ncrx=rT=rT=T~' 


1.38(35.06) ^ 



AAAAAAAAAAAAAA 


vvvwVvv'i/VVvV'i/ 

1.45 (36.83) 


1.44 (36.58) 



[*■ ^ k- 

0.065 (1.66) 0.02 (0.508) 0.105 (2.67) 

0.045 (1.15) 0.015 (0.381) 0.095 (2.42) 


0.55 (13.97) 
0.53 (13.47) 



0.12 (3.05) 


LEAD NO. 1 IDENTIFIED BY DOT OR NOTCH 
LEADS ARE GOLD PLATED (50 MICROINCHES MIN) KOVAR OR ALLOY 42 


LEAD NO. 1 IDENTIFIED BY DOT OR NOTCH 
LEADS ARE SOLDER OR TIN PLATED KOVAR OR ALLOY 42 


0.12 (3.05) 
0.06(1.53) 





0.012 (0.305) 

- 

1 0.606 (15.4) 

0.008 (0.203) 

1 ^ 0.58 (14.74) ^ 


0.594 (15.09) 


0.008 (0.203) 
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Pin Function Description 


Pin 


1 

2 

3 

4 

5 

6 

7 

8 
9 

10 

11 

12 

13 

14 

15 

16 

17 

18 

19 

20 
21 
22 

23 

24 

25 


26 

27 

28 


Function Description 

V refs Voltage Reference sense pin 

Vreff Voltage Reference force pin. If a remote voltage reference is being used Vreff and Vrefs can be used in a Kelvin 

configuration to compensate for IR drop along the Vref Ihie. See Figure 7. 

Rfb Feedback resistor. Used to close the loop around an external op-amp. 

lour Current Output Terminal. 

Agnds Analog ground sense line. Reference point for external circuitry. This pin should carry minimal current. 

Agndf Analog ground force line; carries current from internal analog ground connections. Agndf and Agnds are tied 

together internally. 

DGND Digital Ground 

DB13 Data Bit 13. DAC MSB 

DB12 Data Bit 12 

DBll Data Bit 11 

DBIO Data Bit 10 

DB9 Data Bit 9 

DB8 Data Bit 8 

DB7 Data Bit 7 

DB6 Data Bit 6 

DB5 Data Bit 5 

DB4 Data Bit 4 

DB3 Data Bit 3 

DB2 Data Bit 2 

DBl Data Bit 1 

DBO Data Bit 0. DAC LSB 

CSMSB Chip Select Most Significant (MS) Byte. Active LOW input. 

LDAC Asynchronous Load DAC input. Active LOW. 

CSL SB Chip Select Least Significant (LS) Byte. Active LOW input. 

WR Write input. Active LOW. 


CSMSB CSLSB LDAC WR 

Operation 

0 110 

1 0 1 0 

0 0 10 

1 1 0 X 

0 0 0 0 

1 1 1 X 

X X 1 1 

Load MS Input Register ! 

Load LS Input Register 

Load MS and LS Input Registers 

Load DAC Register from Input Registers 
All Registers are transparent 

No operation 

No operation 


NOTE X = Don’t Care 


Vdd + 12V to + 15V supply input 

Vss Bias pin for High Temperature Low Leakage configuration. To implement low leakage system, the pin should 

be at a negative voltage. See Figure 4,5,6 or 7 for recommended circuitry. 

N.C. No connection 
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5V 



NOTES 

1. ALL INPUT SIGNAL RISE AND FALL TIMES MEASURED FROM 
10% TO 90% OF +5V. t,=t,=20ns. 

VlH + V« 

2. TIMING MEASUREMENT REFERENCE LEVEL IS —- 

3. iFLDAC IS ACTIVATED PRIOR TO THE RISING EDGE OF _ 

WR, THEN IT MUST STAY LOW FOR ta OR LONGER AFTER WR GOES HIGH. 

Figure 1. AD7535 Timing Diagram 


R R R 



Figure 2. Simplified Circuit Diagram for the AD7535 D/A Section 


CIRCUIT INFORMATION - D/A SECTION 

Figure 2 shows a simplified circuit diagram for the AD7535 
D/A section. The three MSB’s of the 14-bit Data Word are 
decoded to drive the seven switches A-G. The 11 LSB’s of the 
Data Word consist of an R-2R ladder operated in a current 
steering configuration. 

The R-2R ladder current is 1/8 of the total reference input 
current. 7/8 I flows in the parallel ladder structure. Switches A- 
G steer equally weighted currents between Iqut and Agndf- 

Since the input resistance at Vref is constant, it may be driven 
by a voltage source or a current source of positive or negative 
polarity. 

EQUIVALENT CIRCUIT ANALYSIS 

Figure 3 shows an equivalent circuit for the analog section of 
the AD7535 D/A converter. The current source Ileakage is 
composed of surface and jimction leakages. The resistor Rq 
denotes the equivalent output resistance of the DAC which 
varies with input code. Cour is the capacitance due to the current 
steering switches and varies from about 90pF to 180pF (typical 
values) depending upon the digital input. g(VREFj N) is 
the Thevenin equivalent voltage generator due to the reference 



Figure 3. AD7535 Equivalent Analog Output Circuit 

input voltage, Vref? and the transfer function of the DAC 
ladder, N. 

CIRCUIT INFORMATION - DIGITAL SECTION 

The digital inputs are designed to be both TTL and 5V CMOS 
compatible. All logic inputs are static protected MOS gates with 
typical input currents of less than InA. Internal input protection 
is achieved by an on-chip distributed diode from DGND to 
each MOS gate. To minimize power supply currents, it is 
recommended that the digital input voltages be driven as close 
as possible to 0 and 5V logic levels. 
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Applying the AD7535 


UNIPOLAR BINARY OPERATION 
(2-QUADRANT MULTIPLICATION) 

Figure 4 shows the circuit diagram for unipolar binary operation. 
With an ac input, the circuit performs 2 quadrant multiplication. 
The code table for Figure 4 is given in Table I. 

Capacitor Cl provides phase compensation and helps prevent 
overshoot and ringing when high speed op-amps are used. 



Figure 4. Unipolar Binary Operation 


Binary Number In 
DAC Register 

MSB LSB 

11 nil nil nil 
10 0000 0000 0000 
00 0000 0000 0001 
00 0000 0000 0000 


Analog Output, Vour 




Table I. Unipolar Binary Code Table for AD7535 

ZERO OFFSET AND GAIN ADJUSTMENT FOR 
FIGURE 4. 

Zero Offset Adjustment 

1 . Load DAC register with all O’s. 

2. Adjust offset of ampHfler A1 so that Vq is at a minimum 
(i.e. <30p.V). 

Gain Adjustment 

1. Load DAC register with all I’s. 

2. Trim potentiometer R1 so that Vo= - Vin 

In fixed reference apphcations, full scale can also be adjusted by 
omitting R1 and R2 and trunming the reference voltage 
magnitude. 


For high temperature applications resistors and potentiometers 
should have a low Temperature Coefficient. In many applications, 
because of the excellent Gain T.C. and Gain Error specifications 
of the AD7535, Gain Error trimming is not necessary. 

BIPOLAR OPERATION 
(4-QUADRANT MULTIPLICATION) 

The recommended circuit diagram for bipolar operation is shown 
in Figure 5. Offset binary coding is used. 

With the DAC loaded to 10 0000 0000 0000, adjust R1 for 
Vo = 0V. Alternatively, one can omit R1 and R2 and adjust the 
ratio of R5 and R6 for Vq = OV. Full scale trimming can be 
accomplished by adjusting the amplitude of Vin or by varying 
the value of R7. 

Resistors R5, R6 and R7 should be ratio matched to 0.006%. 
Mismatch of R5 and R6 causes both offset and full scale error. 
When operating over a wide temperature range, it is important 
that the resistors be of the same type so that their temperature 
coefficients match. 

A range of precision voltage dividers, manufactured by Vishay, 
offers a suitable solution to implementing the bipolar circuit 
described above. The resistor networks are TCR and Ratio 
Matched, giving excellent performance over temperature. 

The code table for Figure 5 is given in Table II. 



Binary Number in 

DAC Register 

MSB LSB 

Analog Output Vour 

11 

nil 

nil 

nil 

+Vin| 

^819^ 

i,8192j 

10 

0000 

0000 

0001 

+Vin| 

1,8192 ) 

10 

0000 

0000 

0000 

OV 

01 

nil 

nil 

nil 

-VinI 

1.8192/ 

00 

0000 

0000 

0000 

-VinI 

ooloo 


Table II. Bipolar Code Table for Offset Binary Circuit of 
Figure 5. 
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GROUNDING TECHNIQUES 

Since the AD7535 is specified for high accuracy it is important 
to Use a proper grounding technique. The two AGND pins 
(AGNDF and AGNDS) provide flexibility in this respect. In 
Figure 4, the AD7535 is connected with the signal ground for 
the load located close to the DAC. There is no possibility of a 
voltage drop along the signal ground due to track resistance. 

Vdd 9 < 


If the signal ground for the load is located at a distance from 
the DAC then the configuration of Figure 6 should be used. A 2 
compensates for the error due to IR voltage drop between the 
DAC’s internal Analog ground and the load signal ground. 

Figure 7 shows a remote voltage reference driving the AD7535. 
Op-amps A2 and A3 compensate for voltage drops along the 
reference input line and the analog ground line. 



Figure 6. Unipolar Binary Operation with Forced Ground for Remote Load 



Figure 7. Driving the AD7535 with a Remote Voltage 
Reference 


ZERO OFFSET AND GAIN ADJUSTMENT FOR 
FIGURE 6 

Zero Offset Adjustment 

1. Load DAC register with all O’s. 

2. Adjust offset of amplifier A2 for a minimum potential at 
AGNDS. This potential should be ^30|xV with respect to 
Signal Groimd. Adjust offset of amplifier A1 so that Vq is at 
a minimum (i.e. :s30p.V). 

Gain Adjustment 

1 . Load DAC register with all I’s. 

2. Trim potentiometer R1 so that Vo= 

(lo3o4} 
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LOW LEAKAGE CONFIGURATION 

For CMOS Multiplying D/A converters, as the device is operated 
at higher temperatures the output leakage current increases. For 
a 14-bit resolution system, this can be a significant source of 
error. The AD7535 features a leakage reduction configuration 
(patent pending) to keep the leakage current low over an extended 
temperature range. One may operate the device with or without 
this configuration. If Vss (pin 27) is tied to Aqnd then the DAC 
will exhibit normal output leakage current at high temperatures. 
To use the low leakage facility, Vss should be tied to a voltage 
of approximately -0.3V as in Figures 4, 5, 6 and 7. A simple 
resistor divider (R3, R4) produces approximately - 300mV from 
- 15V. The capacitor C2 in parallel with R3 is an integral part 
of the low leakage configuration and must be 4.7^.F or greater. 
Figure 8 is a plot of leakage current versus temperature for both 
conditions. It clearly shows the improvement gained by using 
the low leakage configuration. 

OP-AMP SELECTION 

In choosing an amplifier to be used with the AD7535, three 
parameters are of prime importance. These are (1) Input Offset 
Voltage (Vos)j (2) Input Bias Current (Ib)j (3) Offset Voltage 


Drift (TC Vos)- To maintain specified accuracy with Vref at 
lOV, Vos must be less than 30jjlV while Ib should be less than 
2nA. It is important that the amplifier Open Loop Gain, Avol> 
be sufficiently large to keep Vos ^30|xV for the full output 
voltage range. For a maximum output of lOV, Avol must be 
greater than 340,000. 

The AD OP-07 series of op-amps have a very low Vos (25p,V) 
and can be used as the output amplifier for the AD7535 without 
any external adjustment of Offset Voltage. In the Forced Ground 
configuration of Figure 6, one can use an AD OP-07 for ampUfier 
A2. Settling time to 0.003% for the AD OP-07 is typically greater 
than SOfjis. 

For faster settling time, one can use the AD544 series of op 
amps. Typically this settles to 0.003% (14-bits) in 5|xs. Even 
faster settling time can be achieved using the HA-2620 series of 
op-amps. 

For operation over a wide temperature range Offset Voltage 
Drift and Bias Current Drift are critical parameters. The OP-27 
and OP-37 series of op-amps exhibit extremely low Offset Voltage 
Drift and the AD544 has very low Bias Current Drift. 



TEMPERATURE - °C 

Figure 8. Graph of Typical Leakage Current vs Temperature for AD7535 
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MICROPROCESSOR INTERFACING 
AD7535 - 8086A INTERFACE 

The versatility of the AD7535 loading structure allows interfacing 
to both 8- and 16-bit microprocessor systems. Figure 9 shows 
the 8086 16-bit processor interfacing to a single device. In this 
setup the double buffering feature of the DAC is not used. 
ADO-AD 13 of the 16-bit data bus are connected to the DAC 
data bus (DBO-DB13). The 14-bit word is written to the DAC 
in one MOV instruction and the analog output responds im¬ 
mediately. In this example the DAC address is DOOO. A software 
routine for Figure 9 is given in Table III. 



’LINEAR CIRCUITRY 
OMITTED FOR CLARITY 


Figure 9. AD7535 - 8086 Interface Circuit 

In a multiple DAC system the double buffering of the AD7535 
allows the user to simultaneously update all DAC’s. In Figure 
10 , a 14-bit word is loaded to the Input Registers of each of the 
DACs in sequence . Then , with one instruction to the appropriate 
address, CS4 (i.e. LDAC) is brought low, updating all the DACs 
simultaneously. 



Figure 10. AD7535 - 8086 Interface: Multiple DAC 
System 


ASSUME DS: DACLOAD, CS : DACLOAD 
DACLOAD SEGMENT AT 000 


00 

8CC9 

MOVCX,CS 

02 

8ED9 

MOVDS,CX 

04 

BFOODO 

MOV DI,# DOOO 

07 

C705“YZWX” 

MOVMEM,#YZWX’ 

OB 

EAOOOO 


OE 

OOFF 



DEFINE DATA SEGMENT REGISTER EQUAL 

TO CODE SEGMENT REGISTER 

LOAD DI WITH DOOO 

DAC LOADED WITH WXYZ 

CONTROL IS RETURNED TO THE 

MONITOR PROGRAM 


Table III. Sample Program for Loading AD7535 from 8086 
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AD7535 - MC68000 INTERFACE 

Interfacing between the MC68000 and the AD7535 is accomplished 
using the circuit of Figure 11. The following routine writes data 
to the DAC input registers and then outputs the data via the 
DAC register. 


MOVE.W 

# W,D0 

The desired DAC data, W, is loaded into 
Data Register 0. W may be any value 
between 0 and 16383 (decimal) or 0 
and 3FFF (hexademical). 

MOVE.W 

D0,$E000 

The data W is transferred between DO 
and the DAC Register. 

MOVE.B 

# 228,D7 

Control is returned to the System 
Monitor Program using these two 

TRAP 

# 14 

instructions. 



DIGITAL FEEDTHROUGH 

In the preceding interface configurations, most digital inputs to 
the AD7535 are directly connected to the microprocessor bus. 
Even when the device is not selected, these inputs will be constantly 
changing. The high frequency logic activity on the bus can feed 
through the DAC package capacitance to show up as noise on 
the analog output. To minimize this Digital Feedthrough isolate 
the DAC from the noise source. Figure 13 shows an interface 
circuit which physically isolates the DAC from the bus. One 
may also use other means, such as peripheral interface devices, 
to reduce the Digital Feedthrough. 



•LINEAR CIRCUITRY 
OMITTED FOR CLARITY 


Figure 13. AD7535 Interface Circuit Using Latches to 
Minimize Digital Feedthrough 


Figure 11. AD7535 - MC68000 Interface 

AD7535 - Z80 INTERFACE 

Though the AD7535 is primarily intended for use either with 
16-bit microprocessors or in stand alone applications, it can also 
be interfaced to 8-bit processor systems. Figure 12 is an interface 
circuit for the Z80 microprocessor. 



Figure 12. AD7535 - Z80 Interface 
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Wm ANALOG 

LC^MOS 

U! DEVICES 

14-Bit (jiP Compatible DAC 


AD7536 


FEATURES 

Full 4-Quadrant Multiplication without Externai 
Resistors 

All Grades 14-Bit Monotonid over the Full Temperature 
Range 

Low Output Leakage (<20nA) over the Full 
Temperature Range 
Low Gain Temperature Coefficient, 

2ppmrC 

APPLICATIONS 

Control and Measurement in High Temperature 
Environments 
Digital Audio 
Precision Servo Control 
All Microprocessor Based Control Systems 


GENERAL DESCRIPTION 

The AD7536 is a 14-bit monolithic CMOS D/A converter. The 
part is laser trimmed and specified as a dedicated bipolar DAC. 
The resistors needed for 4-quadrant multiplication are contained 
on the chip. Thus, the user requires only the AD7536, a voltage 
reference and two op-amps for bipolar operation. The AD7536 
has the same low leakage configuration (patent pending) as the 
other members of the 14-bit CMOS DAC family. The excellent 
output leakage current characteristics also ensure exceptional 
stability of linearity and gain error over the full temperature 
range. 

The device is speed compatible with most microprocessors and 
accepts TTL or 5V CMOS logic level inputs. There is standard 
Chip Select and Memory Write logic for easy interfacing. The 
AD7536 has full protection against CMOS “latch-up” phenomena 
and does not require the use of external Schottky diodes or the 
use of a FET Input op-amp. 


AD7536 FUNCTIONAL BLOCK DIAGRAM 



DB13 DBO DGND Vgs 


Rfb 

•out 

AGNDS 

AGNDF 

LDAC 

CSLSB 

CSMSB 

\m 


PRODUCT HIGHLIGHTS 

1. Bipolar Operation 

The AD7536 gives the user 4-Quadrant Multiplication without 
any external resistors. 

2. Guaranteed Monotonicity 

14-Bit monotonicity is guaranteed over the full temperature 
range for all grades. 

3. Low Output Leakage 

The device has excellent output leakage current characteristics 
at all temperatures. 


NEW PRODUCTS - ICs 3-221 














CPrrinrATinMC'l 

Or tUinUH11UliO All specifications T^m to T^ax unless otherwise stated. See Figure 6 for Suggested Specification Circuir) 



AD7536JN 

AD7536KN 





Parameter 

AD7536AD 

AD7536BD 

AD7536SD 

AD7536TD 

Units 

Test Conditions/Comments 

ACCURACY 







Resolution 

14 

14 

14 

14 

Bits 

1LSB-2Vref/2*^ 

Relative Accuracy 

±2 

±1 

±2 

± 1 

LSBmax 

All grades guaranteed monotonic 

Differential Nonlinearity 

±1 

±1 

±1 

±1 

LSB max 

over temperature. 

Gain Error 

±16 

±8 

±16 

±8 

LSB max 

Measured using internal Rfb and 







includes effects of leakage 







current and gain T.C. 

Offset Error 

±4 

±4 

±4 

±4 

LSB max 

Error due to mismatch between Rfb and 







offset resistor. It also includes leakage 







current to Iqut and is measured when 







DAC is loaded with all O’s. 

Gain Temperature Coefficient'*, 







AGain/AT emperature 

±5 

±5 

±5 

±5 

ppm/°C max 

Typical Value is 2ppm/°C 

Offset Temperature Coefficient'* 







AOffset/ATemperature 

±5 

±2.5 

±5 

±2.5 

ppm/°C max 

Typical Value is lppm/°C 

INPUT RESISTANCES 







Vref Input Resistance, Pin 2 

3 

3 

3 

3 

kfimin 

Typical Input Resistance = 6kfl 


13 

13 

13 

13 

kn max 


ViNv Input Resistance, Pin 28 

2 

2 

2 

2 

kfimin 

Typical Input Resistance = 4kfl 


8 

8 

8 

8 

kfl max 


DIGITAL INPUTS 







ViH (Input High Voltage) 

. 2.4 

2.4 

2.4 

2.4 

V min 


ViL (Input Low Voltage) 

0.8 

0.8 

0.8 

0.8 

Vmax 


IiN (Input Current) 







+ 25°C 

±1 

±1 

±1 

±1 

IxAmax 

ViN = OV or Vdd 

T,nintoT,^ 

±10 

±10 

±10 

±10 

p.A max 


CiN (Input Capacitance)'* 

7 

7 

7 

7 

pF max 


POWER SUPPLY 







Vdd Range 

11.4/15.75 

11.4/15.75 

11.4/15.75 

11.4/15.75 


Specification guaranteed over 

Vss Range 

-200/-500 

-200/-500 

-200/-500 

-200/-500 

mV min/mV max 

this range. 

Idd 

4 

4 

4 

4 

mA max 

All digital inputs Vil or Vih 


500 

500 

500 

500 

p,Amax 

All digital inputs OV or Vdd 

Power Supply Rejection 







AGain/A V dd 

±0.02 

±0.02 

±0.02 

±0.02 

% per % max 

^Vdd — Vdd niax - Vdd nain 


AC PERFORMANCE characteristics are included for Design Guidance only and are not subject to test 

PUADArTCDICTIPC (Voo =+11.4YtD+15.75 V.Yrcp=+ 10Y.Y,^=Yp,H5=0V,Yss=0V0R 
UtlAKAu I tKlo I luO See Figure 6for Suggested Specification Circuir). 


Parameter 

HBIBSPBIliill 

Units 

Test Conditions/Comments 

Current Settling Time 

1.5 

lismax 

To 0.003% of full scale range. 

IouTio3d= lOOfl, 

Cext = 13pF. DAC register alternately 
loaded with all Ts and all O’s. 

Typical value of Settling Time 
is0.8p,s. 

Digital-to-Analog Glitch Impulse 

50 

nV-sec typ 

Measured with Vref = OV. lour load 
- lOOn, Cext = 13pF. DAC 
register alternately loaded with all 

I’s and all O’s. 

Multiplying Feedthrough Error’ 

4 

mVp-ptyp 

Vref= ± lOV, IkHz sine wave 

DAC register loaded with 10 0000 0000 0000 

Output Capacitance 

CouT(Pin4) 

260 260 

pFmax 

DAC register loaded with all I’s 

Gout (Pin 4) 

130 130 

pFmax 

DAC register loaded with all O’s 

Output Noise Voltage Density 

(lOHz-lOOkHz) 

50 

nV/VHztyp 

Measured between Rfb and lour 


NOTES 

‘Temperature range as follows: JN, KN Versions: 0 to + yO^C 

AD, BD Versions: -25°Cto+85®C 

SD,TD Versions: - 55“Cto + 125“C 

^Specifications are guaranteed for a Vdd of + 11.4V to + 1S.7SV. At Vdd^SV, the device is fully functional with degraded specifications. 

the D.U.T. (i.e., AD7536) is subjected to full temperature conditions. 

^Guaranteed by Product Assurance testing. 

’Feedthrough can be further reduced by connecting the metal lid on the ceramic package to DGND. 

Specifications subject to change without notice. 
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TIMIMr PUADAPTrDICTIPC (VM=+ 11 - 4 Vto+ 15 . 75 V,¥Kf=+ 10 V,¥p* 4 =¥p* 5 = 0 ¥,Vss= 0 Vor- 3 (l 0 mV 
linilRU wnHIlfllilLIIIOIluO Ml specifiGatkNisT,,,h to Tm., unless otheraise stated. See Fi^rel for liming Diagram.) 



Specifications subject to change without notice. 


tl-»j -*1 


PIN CONFIGURATION 


LDAC I I 

-J t4 1^ 


-H K-H h- 

-\_ll - 

—— 




NOTES 

1. ALL INPUT SIGNAL RISE AND FALL TIMES MEASURED FROM 
10% TO 90% OF +5V. tr = t, = 20ns. 

2. TIMING MEASUREMENT REFERENCE LEVEL IS — 

3. IF LD^ IS ACTIVATED PRIOR TO THE RISING EDGE OF _ 

WR, THEN IT MUST STAY LOW FOR OR LONGER AFTER WR GOES ^ 


'OUT Ll_ 

AGNDS [T 


24l CSLSB 

TOP^EW 

DGND \T (Not to Scale) ^ CSMSB 


(MSB)DB13 [¥ 
DB12 [T 
DB11 [W 
DB10 QT 
DBS QT 
DBS QT 
DB7 Pm 


21] DBO(LSB) 
20] DB1 
lil DB2 
Til DB3 
TtI DB4 
je] DBS 
"isl DBS 


Figure 1. AD7536 Timing Diagram 


ORDERING INFORMATION 


ANALOG OUTPUT 


GAIN ERROR 

.J.. 


/ 8191 \ y ✓ 
18192/ /yy 


Relative 

Gain 

1 

remperature Range and Package 

Accuracy 

Error 

Plastic 

Ceramic 

Ceramic 

T-u.toT_ 

T^;,toT_ 

0to+7a“C 

-25Xto +85X 

-55Xto +125X 

±2LSB 

± 16LSB 

AD7536JN 

AD7536AD 

AD7536SD 

±1LSB 

±8LSB 

AD7536KN 

AD7536BD 

AD7536TD 


DAC LOADED 
WITH ALL O'S 


DAC LOADED 
WITH ALL VS 


OFFSET 
ERROR y 

-L/y 


ANALOG OUTPUT 


Figure 2. AD7536 Transfer Function 


NEW PRODUCTS - ICs 3-223 





ABSOLUTE MAXIMUM RATINGS 

(Ta = 25°C tinless otherwise stated) 

Vdd (pin 26) to DGND..-0.3V, + 17V 

Vss (pin 27) to AGND.- 15V, +b.3V 

Vref (pin 28) to AGND .. ±25V 

ViNv (pin 2) to AGND. ±25V 

Rint (pin 1) to AGND.±25V 

Vfb (pin 3) to AGND. ±25V 

Digital Input Voltage (pins 8-25) to DGND . . -0.3V, Vdd 

VpiN 4 to DGND. - 0.3V, Vdd 

AGND to DGND. -0.3V, Vdd 

Power Dissipation (Any package) 

To +75°C. lOOOmW 


Derates above +75®C .. lOmW/°C 

Operating Temperature Range 

Commercial Plastic (JN, KNversions) ..... 0 to + 70°C 
Industrial Ceramic (AD, BD versions) . . - 25®C to 4- 85°C 

Extended Ceramic (SD, TD versions) . . - 55°C to + 125°C 

Storage Temperature... -65°C to + 150°C 

Lead Temperature (Soldering, 10 secs).+ 300°C 


♦Stresses above those listed under “Absolute Maximum Ratings” may cause 
permanent damage to the device. This is a stress rating only and functional 
operation of the device at these or any other conditions above those indicated 
in the operational sections of this specification is not implied. Exposure to 
absolute maximum rating conditions for extended periods may affect device 
reliability. 


CAUTION- 

ESD (Electro-Static-Discharge) sensitive device. The digital control inputs are 
zener protected; however, permanent damage may occur on unconnected devices 
subject to high energy electrostatic fields. Unused devices must be stored in 
conductive foam or shunts. The protective foam should be discharged to the 
destination socket before devices are removed. 



TERMINOLOGY 

LEAST SIGNIFICANT BIT (LSB) 

This is the analog weighting of 1 bit of the digital word in a 

DAC. For the AD7536 ILSB = 

214 

RELATIVE ACCURACY 

Relative accuracy or end point nonlinearity is a measure of the 
maximum deviation from a straight line passing through the 
end-points of the DAC transfer fimction. It is measured after 
adjusting for both endpoints (i.e., Offset and Gain Error are 
adjusted out) and is normally expressed in Least Significant Bits 
or as a percentage of full scale range. 

DIFFERENTIAL NONLINEARITY 

Differential nonlinearity is the difference between the measured 
change and the ideal ILSB change between any two adjacent 
codes. A specified differential nonlinearity of + ILSB max over 
the operating temperature range ensures monotonicity. 

GAIN ERROR 

Gain error is a measure of the output error between an ideal 
DAC and the actual device output with all one’s loaded after 
offset error has been adjusted out. Gain error is adjustable to 
zero with an external potentiometer. 


OFFSET ERROR 

Offset error is a measure of the mismatch between Rfb and the 
internal offset resistor, Rqfs- R also includes the leakage com¬ 
ponent from the DAC (see Figure 8). It is present for aU codes 
and is expressed in Least Significant Bits. 

DIGITAL-TO-ANALOG GLITCH IMPULSE 

The amount of charge injected from the digital inputs to the 
analog output when the inputs change state is called Digital-to-Ana¬ 
log Glitch Impulse. This is normally specified as the area of the 
glitch in either pA-secs or nV-secs depending upon whether the 
glitch is measured as a current or voltage. It is measured with 
Vref = AGND. 

OUTPUT CAPACITANCE 

This is the capacitance from lour to AGND. 

LEAKAGE CURRENT 

Leakage current flows into Iqut from the 14-bit DAC when all 
the DAC switches are off. It contributes to the Linearity, Gain 
and Offset error (see Figure 8). 

MULTIPLYING FEEDTHROUGH ERROR 

This is the ac error due to capacitive feedthrough from Vref 
terminal to lour with DAC register loaded with 
10 0000 0000 0000. 
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Pin Function Description 

1 Rint Contact point for internal resistors R1 and R2 which perform the inverting function on Vref with external 

op-amp. See Figure 3. 

2 Vref Reference input to the DAC. It is internally connected to Rofs and R1. See Figure 3. 

3 Rfb Feedback resistor. U sed to close the loop around an external op-amp. 

4 lour Current Output Terminal. 

5 Agnds Analog ground sense line. Reference point for external circuitry. This pin should carry minimal current. 

6 Agndf Analog ground force line; carries current from internal analog ground connections. Agndf and Agnds are tied 

together internally. 

7 DGND Digital Ground 

8 DB13 DataBitl3.DACMSB 

9 DB12 Data Bit 12 

10 DBll Data Bit 11 

11 DBIO Data Bit 10 

12 DB9 Data Bit 9 

13 DBS Data Bit 8 

14 DB7 Data Bit 7 

15 DB6 Data Bit 6 

16 DBS Data Bit 5 

17 DB4 Data Bit 4 

18 DB3 Data Bit 3 

19 DB2 Data Bit 2 

20 DBl Data Bit 1 

21 DBO Data Bit 0. DAC LSB 

22 CSMSB Chip Select Most Significant (MS) Byte. Active LOW input. 

Asynchronous Load DAC input. Active LOW. 

24 CSL SB Chip Select Least Significant (LS) Byte. Active LOW input. 

25 WR Write input. Active LOW. 


CSMSB CSLSB 

LDAC 

WR 

Operation 

0 1 

1 

0 

Load MS Input Register 

1 0 

1 

0 

Load LS Input Register 

0 0 

1 

0 

Load MS and LS Input Registers 

1 1 

0 

X 

Load DAC Register from Input Registers 

0 0 

0 

0 

All Registers are transparent 

1 1 

1 

X 

No operation 

X X 

1 

1 

No operation 


NOTE X = Don’t Care 


26 Vdd Power supply input. Specifications apply for Vdd = + 12V ± 5% to + 15V ± 5%. 

27 Vss Bias pin for High Temperature Low Leakage configuration. To implement low leakage system, the pin should 

be at a negative voltage. See Figure 5 or 6 for recommended circuitry. 

28 ViNv This pin must be connected to the output of the external inverting op-amp. See Figure 3. 
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Figure 3. Simplified Circuit Diagram of the AD7536 
D/A Section Showing Connection of External Op-Amps 


CIRCUIT INFORMATION - D/A SECTION 

Figure 3 is a simplified circuit diagram of the AD7536 D/A 
section and it also shows the external op-amp connection. The 
device is a 14-bit DAC with three extra resistors on chip for 
bipolar operation. It is configured so that the coding is Offset 
Binary. The 14-bit DAC consists of an R-2R ladder for the 
lower eleven bits (switches SO-SIO). The three MSB’s are decoded 
to drive switches A-G sequentially. Each of these carries an 
equally weighted current which is also equal to the current in 
the R-2R ladder. Rqfs has the same magnitude as Rfb so that 
the output is offset by a constant - Vref- R1 and R2 (together 
with external op-amp Al) inyert Vref and apply it to the 14-bit 
DAC (ViNv). See Table I for complete Offset Binary Code 
Table. 

To eliminate any slight variations in analog ground potential 
with changing code, there are two analog ground pins. AGNDF 
sinks all the current flowing through the switches to ground 
while AGNDS is used as a reference point with minimal current 
flowing in it. Figure 3 shows A3 maintaining AGNDS at Signal 
Ground. The connection of AGNDS and AGNDF may be changed 
depending on required system accuracy and output drive re¬ 
quirements (see Figures 5 and 6). 

EQUIVALENT CIRCUIT ANALYSIS 

Figure 4 shows an equivalent output circuit for the analog section 
of the AD7536 D/A converter. The current source Ileakage is 
composed of surface and junction leakages. The resistor RO 
denotes the equivalent output resistance of the DAC and associated 
resistors. This varies with input code. Cqut is the capacitance 
due to the current steering switches and varies from about 
90pF to 180pF (typical values) depending on the digital input. 
g(VREF) N) is the Thevenin equivalent voltage generator due 
to the reference input voltage, Vref? and the circuit transfer 
function, N. 



Figure 4. AD7536 Equivalent Analog Output Circuit 

CIRCUIT INFORMATION - DIGITAL SECTION 

The digital inputs are designed to be both TTL and 5V CMOS 
compatible. All logic inputs are static protected MOS gates with 
typical input currents of less than InA. Internal input protection 
is achieved by an on-chip distributed diode from DGND to 
each MOS gate. To minimize power supply currents, it is re¬ 
commended that the digital input voltages be driven as close as 
possible to 0 and 5V logic levels. 
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Applying the AD7536 



Figure 5. AD7536 Operation 


BIPOLAR OPERATION 
(4-Quadrant Multiplication) 

Figure 5 shows the AD7536 connected for bipolar operation. 
Specified accuracy is attained without the need for expensive 
closely matched external resistors. R1 and R2 provide an optional 
gain adjustment and capacitor Cl helps prevent overshoot and 
ringing when high-speed op-amps are used. The - 300mV bias 
voltage for Vss is derived from R3, R4 and C2. Op-amp A3 
(Figure 3 and Figure 6 ) is omitted from Figure 5. AGNDS and 
AGNDF are externally shorted to Signal Ground. 

Table I shows the Offset Binary Code Table obtained with the 
circuit of Figure 5. It should be noted that the user can get a 
2*s Complement transfer function by inverting the MSB of the 
DAC word. 


Binary Number in 

DAC Register 

Analog Output Vour 

MSB 


LSB 


,_^ 

11 

nil 

nil 

nil 

+Vin| 

( 8191 ) 

^, 8192 / 

10 

0000 

0000 

0001 

+ Vin| 

(sib) 

10 

0000 

0000 

0000 

ov 

00 

0000 

0000 

0001 

-Vwl 

( 8191 ) 

1 , 8192 / 

00 

0000 

0000 

0000 

-VinI 

(Hi) = 


OFFSET AND GAIN ADJUSTMENT FOR FIGURE 5. 
Offset Adjustment 

1. Adjust offset of amplifier A1 so that potential at Rint is 
< lOpuV with respect to Signal Ground. 

2. Load DAC register with all O’s. 

3. Adjust offset of amplifier A2 until Vo = - Vin ± 10p,V. 

Gain Adjustment 

1 . Load DAC register with all Ts. 

(8191) 

2. Trim potentiometer R 2 so that Vo= + Vin 7 ^ 7 ^ 

iplyl) 

For high-temperature applications, resistors and potentiometers 
should have a low Temperature Coefficient. In many applications, 
because of the excellent Offset Error, Full Scale Error and Gain 
T.C. specifications of the AD7536, trimming of the Offset and 
Gain is not necessary. 


Table /. Offset Binary Code Table for AD7536 
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Figure 6. AD7536 Operation with Forced Ground 

GROUNDING CONSIDERATIONS Here, A3 is used to maintain AGNDS at Signal Ground potential. 

In the circuits of Figures 5 and 6, with Vref = + lOV, ILSB Iqut is also at Signal Ground potential. By using the Force, 

has a value of 1.2mV. So, factors which are not important in Sense technique all switch contacts on the DAC are at exactly 

less accurate systems must, in this case, be given careful consid- the same potential and any error due to bond wire resistance is 
eration. Among these, the whole question of grounding is crucial. eliminated. If A3 is not a low offset voltage (<100|xV) op-amp. 
Voltage reference ground, the lour pin on the DAC, the nonin- it should be trimmed with a potentiometer imtil the voltage at 

verting pin of A1 and SIGNAL GROUND must all be at the AGNDS is <10|xV with respect to SIGNAL GROUND. Figure 

same potential. Note that in Figure 5, AGNDS and AGNDF 7 shows how the circuit of Figure 5 might be be laid out. Gain 

are externally shorted and A3 is not used. Voltage drops due to trim components R1 and R2 have been omitted for clarity. Note 

bond wire resistance are not compensated for in this circuit. how the input to Vref (pin 2) is shielded to reduce ac feed- 

This means that an extra linearity error of less than O.ILSB is through while the digital inputs are shielded to minimize digital 

added to the DAC linearity error. If the user wishes to eliminate feedthrough, 
this extra error, then the circuit of Figure 6 should be used. 



Figure 7. Suggested Layout for AD7536 Circuit of Figure 5 
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Figure 8. Typical Graph of Offset Error vs. Temperature 
With and Without Low Leakage Configuration 


LOW LEAKAGE CONFIGURATION 

Leakage current in CMOS D/A converters has two components. 
Current leaks from Vdd into the lour line and is present at all 
DAC codes. There is also leakage across the off switches in the 
DAC. The polarity of this current depends on Vinv and its 
magnitude is related to the code in the DAC register. At high 
temperatures (above 90°C) it is normal for the leakage current to 
increase dramatically. By its nature it will affect all critical dc 
parameters (Linearity Error, Gain Error and Offset Error). The 
AD7536 features a leakage reduction configuration (patent pend¬ 
ing) to keep the leakage current low (typically <10nA) over an 
extended temperature range. This ensures that the DAC maintains 
its 25°C performance very well at temperatures up to 125^. 

The AD7536 can be operated with or without the leakage reduction 
configuration. If Vss (pin 27) is tied to AGND, then the DAC 
will exhibit normal output leakage current at high temperatures. 
To use the low leakage facility, Vss should be tied to —0.3V as 
in Figures 5 and 6. The current taken by Vss is very low (<10pA) 
allowing a simple resistor divider (R3, R4) to produce the required 
- 300mV from - 15V. The capacitor C2 in parallel with R3 is 
an integral part of the low leakage configuration and must be 
4.7|jiF or greater. Figure 8 is a plot of Offset Error versus tem¬ 
perature for both conditions. It clearly shows the improvement 
when the low leakage configuration is used. 


OP-AMP SELECTION 

In choosing an amplifier to be used with the AD7536, three 
parameters are of prime importance. These are: 

1 . Input Offset Voltage (Vos) 

2. Input Bias Current (Ib) 

3. Offset Voltage Drift (TC Vos). 

To maintain specified accuracy with Vref at lOV, A1 and A2 of 
Figures 5 and 6 must have Vqs <100pV and Ib <2 nA. It is 
important that the amplifier Open Loop Gain, Avolj be sufficiently 
large to keep Vqs <100p,V for the full output voltage range. 

For a maximimi output of lOV, Avol must be greater than 

100,000. 

In the Forced Ground configuration of Figure 6, one can use an 
AD OP-07 for amplifier A3, without any external adjustment 
for Vos- In low frequency or fixed reference applications where 
fast output settling time is not required, the AD OP-07 is also 
recommended for A1 and A2. Because of its low Vqs oo external 
potentiometers are needed. For faster settling time, one can use 
the AD544 series of op-amps. 

Offset Voltage Drift and Bias Current drift are critical parameters 
for operation over a wide temperature range. The AD OP-07, 
AD OP-27 apd AD OP-37 all exhibit very low offset drift while 
the AD544 has very low bias current drift. Table II sunmiarizes 
the important specifications of the op-amps mentioned above. 


Input Offset Input Bias Offset Voltage Settling Time to 

Op-Amp Voltage (Vos) Current (Ib) Drift (TC Vqs) 0.003% FS 


AD544L SOOpV 

ADOP-07H 75pV 
ADOP-27CH lOOpV 
ADOP-37CH lOOpV 
HA-2620 4mV 


25pA 

5pV/"C 

5|xs 

3nA 

o.epv/x 

50|jls typ 

80nA 

0.6pV/°C 

6 pstyp 

80nA 

0.6m.V/°C 

l|xstyp 

35nA 

20pV/°C 

0 .8|xstyp 


Table II. Guide to Op-Amp Selection 
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AUCROPROCESSOR INTERFACING 
AD7536 - 8086A INTERFACE 

The versatility of the AD7536 loading sturcture allows interfacing 
to both 8- and 16-bit microprocessor systems. Figure 9 shows 
the 8086 16-bit processor interfacing to a single device. In this 
circuit the double buffering feature of the DAC is not used. 
ADO-AD 13 of the 16-bit data bus are connected to the DAC 
data bus (DB0-DB13). The 14-bit word is written to the DAC 
in one MOV instruction and the analog output responds im¬ 
mediately. In this example the DAC address is DOOO. A software 
routine for Figure 9 is given in Table III. In a multiple DAC 
system the double buffering of the AD7536 allows the user to 
simultaneously update all DAC’s. In Figure 10, a 14-bit word is 
loaded to the Input Registers of each of the DACs in sequence. 
Then , with o ne instruction to the appropriate address, CS4 
(i.e., LDAC) is brought low, updating all the DACs 
simultaneously. 



•LINEAR CIRCUITRY 
OMITTED FOR CLARITY 


Figure 9. AD7536 - 8086 Interface Circuit 



Figure 10. AD7536 - 8086 Interface: Multiple DAC 
System 


ASSUME DS: DACLOAD, CS : DACLOAD 
DACLOAD SEGMENT AT 000 


00 

8CC9 

MOVCX,CS 

: DEFINE DATA SEGMENT REGISTER EQUAL 

02 

8ED9 

MOVDS,CX 

: TO CODE SEGMENT REGISTER 

04 

BFOODO 

MOV DI,# DOOO 

: LOAD DI WITH DOOO 

07 

C705“YZWX” 

MOVMEM,#YZWX» 

: DAC LOADED WITH WXYZ 

OB 

EAOOOO 


: CONTROL IS RETURNED TO THE 

OE 

OOFF 


MONITOR PROGRAM 


Table III. Sample Program for Loading AD7536 from 8086 
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AD7536 - MC68000 INTERFACE 

Interfacing between the MC68000 and the AD7536 is accomplished 
using the circuit of Figure 11. The following routine writes data 
to the DAC input registers and then outputs the data via the 
DAC register. 


01000 MOVE.W 

#W,D0 

The desired DAC data, W, is 
loaded into Data Register 0. 

W may be any value between 0 
and 16383 (decimal) or 0 and 
3FFF (hexademical). 

MOVE.W 

D0,$E000 

The data W is transferred 
between DO and the DAC 
Register. 

MOVE.B 

#228,D7 

Control is returned to the System 
Monitor Program using these tow 

TRAP 

#14 

instructions. 



Figure 11. AD7536 - MC68000 Interface 

AD7536 - Z80 INTERFACE 

Though the AD7536 is ideally suited for use either with 16-bit 
microprocessors or in stand-alone apphcations, it can also be 
interfaced to 8-bit processor systems. Figure 12 is an interface 
circuit for the popular Z80 microprocessor. 



DIGITAL FEEDTHROUGH 

In the preceding interface configurations, most digital inputs to 
the AD7536 are directly connected to the microprocessor bus. 
Even when the device is not selected, these inputs will be constantly 
changing. The high frequency logic activity on the bus can feed 
through the DAC package capacitance to show up as noise on 
the analog output. To minimize this Digital Feedthrough isolate 
the DAC from the noise source. Figure 13 shows an interface 
circuit which physically isolates the DAC from the bus. One 
may also use other means, such as peripheral interface devices, 
to reduce the Digital Feedthrough. 



•LINEAR CIRCUITRY 
OMITTED FOR CLARITY 


Figure 13. AD7536 Interface Circuit Using Latches to 
Minimize Digital Feedthrough 


Figure 12. AD7536 - Z80 Interface 
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MECHANICAL INFORMATION 
OUTLINE DIMENSIONS 

Dimensions shown in inches and (mm). 


28-PIN CERAMIC DIP (SUFFIX D) 



LEADS ARE GOLD PLATED (50 MICROINCHES MIN) KOVAR OR ALLOY 42 


28-PIN PLASTIC DIP (SUFFIX N) 



LEAD NO. 1 IDENTIFIED BY DOT OR NOTCH 
LEADS ARE SOLDER OR TIN PLATED KOVAR OR ALLOY 42 
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ANALOG 

DEVICES 


FEATURES 

Two 12-Bit DACs in One Package 
4-Quadrant Multiplication 
Low Gain Error (3LSBs max) 

Versatile Interface Logic 

DAC Ladder Resistance Matching: 1% 

Space-Saving 0.3", 24-Pin Package 

APPLICATIONS 

Programmable Filters 

Audio Applications 

Synchro Applications 

Automatic Test Equipment 

Microcomputer-Based Process Control 

Programmable Power Supplies 


GENERAL DESCRIPTION 

The AD7537 and AD7547 are monolithic, dual, 12-bit, current 
output D/A converters. The AD7537 has eight data inputs with 
a two-byte (8+4) loading structure suitable for interfacing with 
8 -bit microprocessors. The AD7547 has twelve data inputs 
a single-word loading structure. This is ideal when using 
DACs with 16-bit microprocessors or in a stand-alon^ 
configuration. ^ 

The devices are packaged in a 0.3", 

provide 4-quadrant multiplication cap^ ^i^ ^^ a separate / 1 
reference input and feedback 

monolithic construction ensures ^rflem thei^^trfed]^ Md 
gain error tracking between the t^ 8 + 4 

loading structure, the A D753 7 also offers: %\%^ate 
line for each DAC ; 2) a CLR pin to asynchr®ously clear both ' 
DACs; 3) a UPD pin which provides a double-buffering facfflty. 

The AD7537 and AD7547 are manufactured using the Linear 
Compatible CMOS (LC^MOS) process. They are speed compatible 
with most microprocessors and accept TTL, 74HC and 5V 
CMOS logic level inputs. 

PRODUCT HIGHLIGHTS 

1 . DAC to DAC Matching: 

Since both DACs are fabricated on the same chip, precise 
matching and tracking is inherent. This allows applications 
which would not be practical using two dicrete DACs. 

2. Small Package Size: 

The AD7537 and AD7547 are packaged in a small 24-pin, 
0.3" DIP. 


AD7537 FUNCTIONAL BLOCK DIAGRAM 



011^7547 FUNCTIONAL BLOCK DIAGRAM 
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ATI AIJCCVdd- +12Vt0 +15Y, ±10 %,Vrei;a — Vrot — IWYkjota - — V/bho - OV. 

or L VI n vll 11 UllO All specifications Tmj„to T^ax unless otherwise stated). 

AD7537/47JN‘ AD7537/47KN 


Parameter 

AD7537/47AQ 

AD7537/47BQ 

AD7537/47SQ 

AD7537/47TQ 

Units 

Test Conditions/Comments 

ACCURACY 







Resolution 

12 

12 

12 

12 

Bits 


Relative Accuracy 

±1 

±1/2 

±1 

±1/2 

LSBmax 


Differential Nonlinearity 


±1 

±1 


LSB max 

All grades guaranteed 
monotonic over temperature. 

Full-Scale Error 

±6 

±3 

±6 

±3 

LSBmax 

Measured using internal Rfb 
and includes effects of 

Gain Temperature Coefficient^; 






leakage current and 
gainT.C. 

AGain/ATemperature 

Output Leakage Current 

±5 

±5 

±5 

±5 

ppmy°C max 

Typical value is lppm/°C 

loUTA 







+ 25°C 

20 

20 

20 

20 

nAmax 

DAC A Register loaded 

TminloTmax 

loUTB 

150 

150 

250 

250 

nAmax 

with all O’s. 

-t-25°C 

20 

20 

20 

20 

nAmax 

DAC B Register loaded 

TmintoTmax 

150 

150 

250 

250 

nAmax 

with all O’s. 

REFERENCE INPUT 







Input Resistance 
(VrefajVrefb) 

7 

7 

7 

7 

kflmin 

Typical Input Resistance = 


18 

18 

18 

18 

kflmax 

llkn 

Vrefa/V refb 







Input Resistance Match 

±3 

±2 

±3 

±2 

%max 

Typically ± 1% 

DIGITAL INPUTS 







ViH (Input High Voltage) 

2.4 

2.4 

2.4 

2.4 

Vmin 


ViL (Input Low Voltage) 

IiN (Input Current) 

0.8 

0.8 

0.8 

0.8 

Vmax 


+ 25°C 

±1 

±1 

±1 

±1 

IxAmax 

VrN = VDD 

Tmin toTniax 

±10 

±10 

±10 

±10 

p.Amax 


CiN (Input Capacitance)^ 

7 

7 

7 

7 

pFmax 


POWER SUPPLY 







Vdd Range 

10.8/16.5 

10.8/16.5 

10.8/16.5 

10.8/16.5 

V min/V max 


Idd 

5 

5 

5 

5 

mAmax 



AC PERFORMANCE CHARACTERISTICS 


These characteristics are included for Design Guidance only and are not subject to test 

(Yod = + 12Y to + 15Y; Yrefa = Yrefb = + 10Y, Yiquta = Yiquib = Yagnd = OY. Output Amplifiers are AD644 except where stated.) 


Parameter 

Ta= +25X 

Ta — Tn,i„, Tmax 

Unite 

Test Conditions/Comments 

Output Current Settling Time 

1.5 

■ 

(jismax 

To 0.01% of full-scale range. IouTload= lOOfl. 

Cext = 13pF. DAC output measured from falling edge 
of WR. Typical Value of Settling Time is 0.8|i.s. 

Digital-to-Analog Glitch Impulse 

10 


nV-styp 

Measured with Vrefa = Vrfb - OV . Iouta> Ioutb> 
load = lOOfi, Cext = 13pF. DAC registers alternately 
loaded with all O’s and all I’s. 

AC Feedthrough^ 

VreFA to loUTA 

-70 

-65 

dBmax 

Vrefaj Vrefb = 20Vp-p lOkHz sinewave 

VREFBtoIoUTB 

-70 

-65 

dBmax 

DAC registers loaded with all O’s. 

Power Supply Rejection 

AGain/AVoD 

±0.01 

±0.02 

% per % max 

AVdd = Vdd max - Vdd min 

Output Capacitance 

CoUTA 

80 

80 

pFmax 

DAC A, DAC B loaded with all O’s. 

CoUTB 

80 

80 

pFmax 


CoUTA 

160 

160 

pFmax 

DAC A, DAC B loaded with all I’s. 

CoUTB 

160 

160 

pFmax 


Channel-to-Channel Isolation 

VREFAtoIoUTB 

-62 

- 

dBtyp 

Vrefa = 20V p-p lOOkHz sinewave, Vrefb = OV 

VreFB to loUTA 

-62 

- 

dBtyp 

Vrefb = 20V p-p lOOkHz sinewave, Vrefa - OV 

Digital Crosstalk 

10 

- 

nV-s typ 

Measured for a Code T ransition of all O’s to all I’s 

Output Noise Voltage Density 
(lOHz-lOOkHz) 

15 

- 

nV/VHz typ 

Measured between Rfba and Iouta or Rfbb and Iqutb 

Harmonic Distortion 

-90 

- 

dBtyp 

ViN=6V rms, IkHz 


NOTES 

'Temperature range as follows: JN, KN Versions; 0 to + TOX. 

AQjBQ Versions: -25°Cto 
SQ,TQ Versions: -55°Cto + 125°C. 

^Guaranteed by Product Assurance testing. 

^Feedthrough can be further reduced by connecting the metal lid on the ceramic package to DGND. 
Specifications subject to change without notice. 
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ANALOG 

DEVICES 


LC^MOS 

Dual 12-Btt (jiP Compatible DAC 


AD7549 


FEATURES 

Two Doubled Buffered 12-Bit DACs 
4-Quadrant Multiplication 
Low Gain Error (3LSBs max) 

DAC Ladder Resistance Matching: 1% 
Space Saving 0.3" 20-Pin Package 
Latch-up Proof 

APPLICATIONS 
Programmable Filters 
Automatic Test Equipment 
Microcomputer Based Process Control 
Audio Systems 

Programmable Power Supplies 
Synchro Applications 


GENERAL DESCRIPTION 

The AD7549 is a monolithic dual, 12-bit, current output D/A 
converter. It is packaged in a 0.3" wide 20-pin package. Both 
DACs provide four quadrant multiplication capabilities with a 
separate reference input and feedback resistor for each DAC. 
The monohthic construction ensures excellent thermal tracking 
and gain error tracking between the two DACs. 


AD7549 FUNCTIONAL BLOCK DIAGRAM 



The DACs in the AD7549 are each loaded in three 4-bit 
nibbles. The control logic is designed for easy processor interfacing. 
Input and DAC register l oadin g is accomplished using address 
lines AO, Al, A2 and CS, WR lines. A logic high level on the 
CLR input clears all registers. Both DACs may be simultaneously 
updated using the UPD input. 

The AD7549 is manufactured using the Linear Compatible 
CMOS(LC^MOS) process. It is speed compatible with most 
microprocessors and accepts TTL, 74HC or 5V CMOS logic 
level inputs. 


PRODUCT HIGHLIGHTS 

1. Small package size: the loading structure adopted for the 
AD7549 enables two 12-Bit DACs to be packaged in a small 
20-pin 0.3" DIP. 

2. DAC to DAC matching: since both DACs are fabricated on 
the same chip, precise matching and tracking is inherent. 
This opens up applications which otherwise would not be 
considered, i.e., Programmable Filters, Audio Systems, etc. 
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CDCPIETirATinUCl W|«= +’W ± 5 %*.V«f, = V|»B= 1W;Vpiiii5=Vp«,r=»F»iK=ll- 
Ori-UiriuflllUPid /yispeoificationsTmb, to Tmn unless othe^ 



AD7549JN 

AD7549KN 





Parameter 

AD7549AD 

AD7549BD 

AD7S49SD 

AD7549TD 

Units 

Test Conditions/Conunents 

ACCURACY 

nn___ 






Resolution 


12 


12 

Bits 


Relative Accuracy 


±1/2 


±1/2 

LSBmax 


t^ifferential Nonlinearity 




±1 

LSBmax 

All grades guaranteed monotonic over 
temperature. 

Full Scale Error 

Gain Temperature Coefficient^; 


±3 


±3 

LSBmax 

Measured using internal Rfb and includes 
effects of leakage current and gain TC. 

AGain/ATemperature 

Output Leakage Current 

±5 

±5 

^5 

±5 

ppm/“C max 

Typical value is lppm/°C 

louTA (Pin 17) 







+ 25“C 

20 

20 

20 

20 

nAmax 

DAC A Register loaded with all O’s 

Tmi«t0T«« 

IouTB(Pin 15) 

150 

150 

250 

250 

nAmax 


+ 25“C 

20 

20 

20 

20 

nAmax 

DAC B Register loaded with all O’s 

TnuatoTn^ 

150 

150 

250 

250 

nAmax 


REFERENCE INPUT 







Input Resistance (Pin 19, Pin 13) 

7 

7 

7 

7 

kflmin 

Typical Input Resistance = 1 IkD 


18 

18 

18 

18 

kOmax 


Vrefa/Vrefb 







Input Resistance Match 

±3 

±2 

±3 

±2 

%max 

Typically ± 1% 

DIGITAL INPUTS 







ViH (Input High Voltage) 

2.4 

2.4 

2.4 

2.4 

Vmin 


ViL (Input Low Voltage) 

IiK (Input Current) 

0.8 

0.8 

0.8 

0.8 

V max 


+ 25^ 

±1 

±1 

±1 

±1 

p.Amax 

Vin = Vdd 

TmintoTmw 

±10 

±10 

±10 

±10 

p.Amax 


CiK (Input Capacitance)* 

7 

7 

7 

7 

pFmax 


POWER SUPPLY 







Idd 

5 

5 

5 

1 

5 

mAmax 



AC PERFORMANCE CHARACTERISTICS 

These characteristics are induded for Design Guidance only and are not subject to test 

(Vpp ~ ^ ^ ^REFA ~ ^REFB ~ 10V, Vp|||i 5 =Vpmij ~ Ypung ~0V| Out|Hit Amplifters are AD644 except where stated) 


Parameter 

Ta=+25'’C 

mmm 

Units 

Test Conditions/Conunents 

Output Current Settling Time 

1.5 

- 

(IS max 

To 0.01%offull scale range. IouTload= 100n,CEXT= BpF. DACoutput measured from 

Digital-to-Analog Glitch 

Impulse 

10 


nV-sec typ 

falling edge of WR. Typical value of Settling Time is0.8|xs. 

Measured with Vrefa = Vrfb = 0V. Iouta > lours load = 1 OOfl, Cext “ 13pF. 

DAC registers alternately loaded with all O’s and all 1 ’s. 

AC Feedthrough** 





VREFAtoIoUTA 

-70 

-65 

dB max 

Vrffa, Vrefb = 20V p-p lOkHz sine wave. 

VrefB to loUTB 

-70 

-65 

dBmax 

DAC registers loaded with all Os. 

Power Supply Rejection 





AGain/AVoD 

±0.01 

±0.02 

% per % max 

AVdd=±5% 

Output Capacitance 





CoUTA 

80 

80 

pF max 

DAC A, DAC B loaded with all O’s. 

OtUTB 

80 

80 

pF max 


CoUTA 

160 

160 

pF max 

DAC A, DAC B loaded with all 1 ’s. 

CoUTB 

160 

160 

pFmax 


Channel-to-Channel Isolation 





VrefA to loUTB 

-62 

- 

dB typ 

Vrefa = 20V p-p lOOkHz sine wave, Vrefb - OV 

VREFBtoIoUTA 

-62 

- 

dBtyp 

Vrefb = 20V p-p lOOkHz sine wave, Vrefa = OV 

Digital Crosstalk 

10 

- 

nV-sectyp 

Measured for a Code Transition of all O’s to all 1 ’s 

Output Noise Voltage Density 



nV/VFiztyp 


(lOHz-lOOkHz) 

15 

- 

Measured between Rj-ba and Iouta or Rfbb and Ioutb 

Harmonic Distortion 

-90 

_ 

dB typ 

V,N = 6VrmslkHz 


NOTES 

‘Temperature range as follows: JN, KN, Versions: 0 to + 70°C 

AD, BD, Versions:-25’C to+85°C 
SD,TD, Versions: -55Xto + 125'C 
^At Vdd - ‘>V, the device is fully functional with degraded performance. 

^Guaranteed by Product Assurance testing. 

^Feedthrough can be further reduced by connecting the metal lid on the ceramic package to DGND. 
Specifications subject to change without notice. 
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TIMING CHARACTERISTICS^ (Vdo— +t5V, Vrefi^—Vrfb— + 10V, YpiRi5=YpMn=Vpmie=0V unless olheiwise stated) 


Parameter 

Limit at 
Ta=25X 

Limit at 

TA=0to+70X 

Ta= -ISXto +85X 

Limit at 

Ta= -55®C 
to +125‘‘C 

Units 

Test Conditions/Comments 

ti 

50 

80 

110 

ns min 

Address Valid to Write Setup Time 

t2 

0 

0 

0 

nsmin 

Address Valid to Write Hold Time 

t3 

150 

190 

240 

ns min 

Data Setup Time 

t4 

0 

0 

0 

ns min 

Data Hold Time 

ts 

20 

20 

20 

nsmin 

Chip Select or Update to Write Setup Time 

t6 

0 

0 

0 

nsmin 

Chip Select or Update to Write Hold Time 

t? 

170 

200 

250 

nsmin 

Write Pulse Width 

tg 

170 

200 

250 

nsmin 

Clear Pulse Width 


Specifications subject to change without notice. 



NOTES 

1. All INPUT SIGNAL RISE AND FALL TIMES MEASURED FROM 10% TO 
90% OF +5V. t, = t, = 20ns. 

2. TIMING MEASUREMENT REFERENCE LEVEL IS 


Figure 1. Timing Diagram for AD7549 


ABSOLUTE MAXIMUM RATINGS^ 

(Ta = + 25°C unless otherwise noted) 


Vdd (pin 20) to DGND.-0.3V, + 17V 

Vrefa, Vrefb (pins 19, 13) to AGND .±25V 

Vrfba, Vrfbb (pins 18, 14) to AGND .±25V 

Digital Input Voltage (pins 1~11) to DGND . . -0.3V, Vdd 

VpiNisj VpiNiyj to DGND. —0.3V, Vdd 

AGND to DGND. -0.3V, Vdd 

Power Dissipation (Any Package) 

To +75‘’C .. 450mW 

Derates above + 75°C.6mWrC 


Operating Temperature Range 

Commercial Plastic (JN, KN versions).0 to + 70°C 

Industrial Ceramic (AD, BD versions) . . - 25°C to + 85°C 

Extended Ceramic (SD, TD versions) . . -55°C to + 125°C 

Storage Temperature.-65°C to + 150°C 

Lead Temperature (Soldering, lOsecs) .+ 300°C 


*Stresses above those listed under “Absolute Maximum Ratings” may cause 
permanent damage to the device. This is a stress rating only and fimctional 
operation of the device at these or any other conditions above those indicated 
in the operational sections of this specification is not implied. Exposure to 
absolute maximum rating conditions for extended periods may affect device 
reliability. 


CAUTION:- 

ESD (Electro-Static-Discharge) sensitive device. The digital control inputs are zener protected; 
however, permanent damage may occur on uncoimected devices subject to high energy electrostatic 
fields. Unused devices must be stored in conductive foam or shunts. The protective foam should 
be discharged to the destination socket before devices are removed. 



ORDERING INFORMATION 


Relative 

Accuracy 

TminIoTmax 

Full Scale 

Error 

TminIoT/viax 

Temperature Range and Package 

Plastic Ceramic Ceramic 

0to+70X -25®Cto+85®C -55®Cto + 125*C 

±1LSB 
± 1/2LSB 

±6LSB 

±3LSB 

AD7549JN AD7549AD AD7549SD 

AD7549KN AD7549BD AD7549TD 
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TERMINOLOGY 

RELATIVE ACCURACY 

Reladve accuracy or endpoint nonlinearity is a measure of the 
maximum deviation from a straight line passing through the 
endpoints of the DAC transfer function. It is measured after 
adjusting for zero error and full scale error and is normally 
expressed in Least Significant Bits or as a percentage of full 
scale reading. 

DIFFERENTIAL NONLINEARITY 

Differential nonlinearity is the difference between the measured 
change and the ideal ILSB change between any two adjacent 
codes. A specified differential nonlinearity of ILSB max over 
the operating temperature range ensures montonicity. 

FULL-SCALE ERROR 

Full scale error or gain error is a measure of the output error 
between an ideal DAC and the actual device output. Full scale 
error is adjustable to zero. 

OUTPUT CAPACITANCE 

This is the capacitance from Iquta or Ioutb to AGND. 


DIGITAL-TO-ANALOG GLITCH IMPULSE: 

The amount of charge injected into the analog output when the 
inputs change state is called Digital-to-Analog Glitch Impulse. 
This is normally specified as the area of the glitch in either pA- 
secs or nV-secs depending upon whether the glitch is measured 
as a current or voltage signal. Digital charge injection is measured 
with Vrefa and Vrefb equal to AGND. 

OUTPUT LEAKAGE CURRENT 

Output Leakage Current is current which appears at Iouta or 
Ioutb with the DAC registers loaded to all zeros. 

MULTIPLYING FEEDTHROUGH ERROR 

This is the error due to capacitive feedthrough from Vrefa to 
Iouta or Vrefb to Ioutb with the DAC registers loaded to all 
zeros. 

CHANNEL-TO-CHANNEL ISOLATION 

Channel-to-Channel Isolation refers to the proportion of input 
signal from one DAC*s reference input which appears at the 
output of the other DAC, expressed as a ratio in dB. 

DIGITAL CROSSTALK 

The glitch impulse transferred to the output of one converter 
due to a change in digital input code to the other converter is 
defined as Digital Crosstalk and is specified in nV-secs. 


MECHANICAL INFORMATION 


OUTLINE DIMENSIONS 

Dimensions shown in inches and (mm). 


20-PIN CERAMIC DIP (SUFFIX D) 

) 

a 

' - ^ 

__i 


T 

0.290 ±0.008 
(7.37 ±0.20) 

1 

^ 1.000 +0.010 ^ 

L 

(25.40 ±0.25) 


ofzB 

<4.4SJ 




1-0.018 ±0.002 
(0.46 ±0.05) 
TYP 

_0.900 


0.085 ±0.009 
:.16 ±0.23) 


(-*• ^ 
0.50 (1.27) TYP 


(22 86 ±0.13) 
TOL NON ACCOM 


0.300 ±0.010 
(7.62 ±0.25) 


L|. 0.100 ±0.005 
(2.54 ±0.13) 




NOTES: 

1. LEAD NUMBER 1 IDENTIFIED BY DOT OR NOTCH. 

2. LEADS WILL BE EITHER GOLD OR TIN PLATED IN ACCORDANCE 
WITH MIL-M-38510 REQUIREMENTS. 


20-PIN PLASTIC DIP (SUFFIX N) 




F’V ‘xT W V V "il 

_1.07 (27.18)_ 

MAX 


0.32 (8.128) 
0.30 (7.62) 


0.145 (3.683) MINj^ 

n rn 

n 

n 

n rn n n 

inn 


J 

-L J- 



0.125 (3.175) 
MIN 

liYj 

If 

Y 

rrn 

Yt 





-Ik 

4 1- 


0.135 (3.429) 1/ \l 

iri2S li'TrTg \ 

I # 0.011 (0.28) \ , 

/ 0.009 (0.23) Y 

'v U- 


0.065 (1.66) 0.021 (0.533) 
0.045 (1.15) 0.015 (0.381) 


0.11 (2.79) 
0.09 (2.28) 


3-238 NEW PRODUCTS - ICs 




PIN FUNCTION 

1 DB3 

2 DB2 

3 DBl 

4 DBO 

5 UPD 

6 A2 

7 A1 

8 M 

9 ^ 

10 WR 

11 CLR 

12 DGND 
VreFB 

14 Rfbb 

15 loUTB 

16 AGND 

17 loUTA 

18 Rfba 

19 Vrefa 

20 Vdd 


DESCRIPTION 

Data Bit 3, Data Bit 7 or Data Bit 11 (MSB) 

Data Bit 2, Data Bit 6 or Data Bit 10. 

Data Bit 1, Data Bit 5 orDataBit9. 

Data Bit 0, Data Bit 4 or Data Bit 8 . 

Updates DAC Registers from 4-bit input registers. DAC A and DAC B both updated simultaneously. 
Address line 2. 

Address line 1. 

Address line 0. 

Chip Select Input. Active low. 

Write Input. Active low. 

Clear Input. Active High. Clears all registers. 

Digital Ground. 

Voltage reference input to DAC B. 

F^dback resistor of DAC B. 

Current output terminal of DAC B. 

Analog ground. 

Current output terminal of DAC A. 

Feedback resistor of DAC A. 

Voltage reference input to DAC A. 

+ 15V supply input. 


CLR 

DTO 

cs 

WE 

A2 

A1 

AO 

FUNCTION 

0 

X 

X 

1 

X 

X 

X 

No data transfer. 

0 

1 

1 

X 

X 

X 

X 

No data transfer. 

1 

X 

X 

X 

X 

X 

X 

All registers cleared. 

0 

1 

0 

U" 

0 

0 

0 

DAC A LOW NIBBLE REGISTER 
loaded from Data Bus. 

0 

1 

0 

or 

0 

0 

1 

DAC A MID NIBBLE REGISTER 
loaded from Data Bus. 

0 

1 

0 

U" 

0 

1 

0 

DAC A HIGH NIBBLE REGISTER 
loaded from Data Bus. 

0 

1 

0 

IT 

0 

1 

1 

DAC A Register loaded from 

Input Registers. 

0 

1 

0 

IT 

1 

0 

0 

DAC B LOW NIBBLE REGISTER loaded 
from Data Bus. 

0 

1 

0 

TT 

1 

0 

1 

DAC B MID NIBBLE REGISTER loaded 
from Data Bus. 

0 

1 

0 

"LT 

1 

1 

0 

DAC B HIGH NIBBLE REGISTER loaded 
from Data Bus. 

0 

1 

0 

IS 

1 

1 

1 

DAC B Register loaded from 

Input Registers. 

0 

0 

1 

U" 

X 

X 

X 

DAC A, DAC B Registers updated 
simultaneously from Input Registers. 


NOTE: X = Don’t Care 


Table /. AD7549 Truth Table 


PIN CONFIGURATION 


(MSB) DBS 


- ^ - 

• 

DB2 



DB1 



DBO 


AD7549 



TOP VIEW 

UPD 


(Not to Scale) 

A2 



A1 



AO 






WR 




^ Vdd 
JU Vrefa 
18^ Rfba 

17] loUTA 

‘Tel AGIMD 

‘15*1 Iqutb 
Rfbb 
Vrefb 
JZ] DGND 
TTI CLR 
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UNIPOLAR BINARY OPERATION 
(2-QUADRANT MULTIPLICATION) 

Figure 2 shows the circuit diagram for unipolar binary operation. 
With an ac input, the circuit performs 2-quadrant multiplication. 
The code table for Figure 2 is given in Table II. 

Operational amplifiers A1 and A2 can b^ in a single package 
(i.e. AD644) or separate packages (AD544). Capacitors Cl and 
C2 provide phase compensation to help prevent overshoot and 
ringing when high speed op-amps are used. 

For zero offset adjustment, the appropriate DAC register is 
loaded with all O’s and amplifier offset adjusted so that Vquta 
or VouTB is at a minimum (i.e. =^120p,V). Full scale trimming 
is accomplished by loading the DAC register with all I’s and 
adjusting R1 (R3) so that Vouta (Voutb) “ “Vin (4095/4096). 
In fixed reference applications, full scale can also be adjusted by 
omitting Rl, R2, R3, R4 and trimming the reference voltage 
magnitude. 


BIPOLAR OPERATION 
(4-QUADRANT MULTIPLICATION) 

The recommended circuit diagram for bipolar operation is shown 
in Figure 3. Offset binary coding is used. 

With the appropriate DAC register loaded to 1000 0000 0000, 
adjust Rl (R3) so that Vouta (Voutb) = OV. Alternatively, Rl, 
R2 (R3, R4) may be omitted and the ratios of R6, R7 (R9, 10) 
varied for Vouta (Voutb) = OV. Full scale trimming can be 
accomplished by adjusting the amplitude of Vjn or by varying 
the value of R5 (R8). 

Resistors R5, R6, R7 (R8, R9, RIO) must be ratio matched to 
0.01%. When operating over a wide temperature range, it is 
important that the resistors be of the same type so that their 
temperature coefficients match. 

The code table for Figure 3 is given in Table III. 




CONTROt CIRCUITRY OMITTED FOR CLARITY 


R4J.C2 AD544 

OouTB T 33pF 


V,NB ‘CONTROL CIRCUITRY OMITTED FOR CLARITY S 5kll, 10% 


Figure 2. AD7549 Unipolar Binary Operation 


Figure 3. Bipolar Operation (Offset Binary Coding) 


Binary Number in 

DAC Register Analog Output, Vouta or Vqutb 

MSB LSB 


1111 1111 1111 


1000 0000 0000 


0000 0000 0001 


MSj 

= - 1/2V,n 


IN 14096 


0000 0000 0000 OV 


Table II. Unipolar Binary Code Table for Circuit of 
Figure 2 


Binary Number in 

DAC Register Analog Output, Vquta or Vqutb 

MSB LSB 


1111 1111 1111 . V /2047\ 

1000 0000 0001 .V MV 

+ 12048j 

1000 0000 0000 OV 


0111 1111 1111 


0000 0000 0000 


Mm) 


Table III. Bipolar Code Table for Offset Binary Circuit of 
Figure 3 
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APPLICATION HINTS 

Output Offset: CMOS D/A converters in circuits such as Figures 
2 and 3 exhibit a code dependent output resistance which in 
turn can cause a code dependent error voltage at the output of 
the amplifier. The maximum amplitude of this offset, which 
adds to the D/A converter nonlinearity, depends on Vos where 
Vos is the amplifier input offset voltage. To maintain mono¬ 
tonic operation, it is recommended that Vos be no greater than 
(25 X 10"*) (Vref) over the temperature range of operation. Suitable 
op amps are AD644L, AD517L and AD544L. The AD517L is 
best suited for fixed reference applications with low bandwidth 
requirements: it has extremely low offset (SOjjlV) and in most 
applications will not require an offset trim. The AD544L has a 
much wider bandwidth and higher slew rate and is recommended 
for multiplying and other applications requiring fast settling. An 
offset trim on ±e AD544L may be necessary in some circuits. 

Temperature Coefficients: The gain temperature coefficient of 
the AD7549 has a maximum value of 5ppm/'’C and typical value 
of lppm/°C. This corresponds to worst case gain shifts of 2LSBs 
and 0.4LSBs respectively over a 100°C temperature range. When 
trim resistors R1(R3) and R2(R4) are used to adjust full scale 
range, the temperature coefficient of R1(R3) and R2(R4) should 
also be taken into account. 

High Frequency Considerations: AD7549 output capacitance 
works in conjunction with the amplifier feedback resistance to 
add a pole to the open loop response. This can cause ringing or 
oscillation. Stability can be restored by adding a phase compen¬ 
sation capacitor in parallel with the feedback resistor. 

Feedthrough: The dynamic performance of the AD7549 depends 
upon the gain and phase stability of the output amplifier, together 
with the optimum choice of PC board layout and decoupling 
components. A suggested printed circuit layout for Figure 2 is 
shown in Figure 4 which minimizes feedthrough from Vrefa> 
Vrep^b to the output in multiplying applications. 



Figure 4. Suggested Layout for AD7549 with AD644 (Dual 
Op Amp} 


AD7549 - 8085A INTERFACE 

A typical interface circuit for the AD7549 and the 8085A micro¬ 
processor is given in Figure 5. Only the bottom 4 bits of the 
microprocessor d ata bu s are used. The address decoder provides 
both the CS and UPD signals for the DAC. Address lines AO, 
Al, A2 select one of six DAC Input Registers for accepting 
data. In applicatio ns wh ere simultaneous loading of the DACs is 
required then the U PD pin must be used to strobe both DAC 
registers. Otherwise, UPD may be t ied h igh and address lines 
A0-A2, in conjunction with CS and WR signals, will select each 
DAC register separately (see Pin Function Description). 



•LINEAR CIRCUITRY OMITTED FOR CLARITY 


Figure 5. AD7549-8085A Interface 

AD7549 - Z80 INTERFACE 

Figure 6 shows the AD7549 connected to the Z80 microprocessor. 
The interface structure is similar to that for the 8085A. 



•LINEAR CIRCUITRY OMITTED FOR CLARITY 


Figure 6. AD7549-Z80 Interface 
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AD7S49 - 8048 INTERFACE 

The AD7549 can be interfaced to the 8048 single component 
microcomputer using the circuit of Figure 7. A minimum number 
of I/O lines are needed. The system is easily expanded by using 
extra port lines to provide Chip Selects for more AD7549*s. The 
advantage of this interface lies in its simplicity. In either single 
or multiple DAC applications both the software and chip select 
decoding are simplified over what would be required if the 
devices were memory mapped in a conventional manner. 



*LINEAR CIRCUITRY OMITTED FOR CLARITY 

Figure 7. AD7549-8048 Interface 


The combination of 8048 system and AD7549 is particularly 
suitable for dedicated control apphcations. By adding reference 
and output circuitry a complete control system can be configured 
with a minimum number of components. 

AD7549 - MC6809 INTERFACE 

Figure 8 is the interface circui t for the popular MC6809 8-bit 
microprocessor. CS and UPD signals are decoded fro m the 
address for the simultaneous update facility while the WR pulse 
is provided by inverting the microprocessor clock, E. 



Figure 8. AD7549-MC6809 Interface 
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ANALOG 

DEVICES 


LC^MOS 

Complete, High-Speed 12-Bit ADC 


AD7572 


FEATURES 

12-Bit Resolution and Accuracy 
Fast Conversion Time 
AD7572XX05: S^as 
AD 7572XX12: 12.5fAS 
Complete with On-Chip Reference 
Fast Bus Access Time: 90ns 
Low Power: 135mW 
Small, 0.3", 24-pin Package 

GENERAL DESCRIPTION 

The AD7572 is a complete, 12-bit ADC that offers high-speed 
performance combined with low, CMOS power levels. The 
AD7572 uses an accurate, high-speed DAC and comparator in a 
successive-approximation loop to achieve a fast conversion time. 
An on-chip, buried zener diode provides a stable reference 
voltage to give low drift performance over the full temperature 
range and the specified accuracy is achieved without any user 
trims. An on-chip clock circuit is provided, which may be used 
with a crystal for stand-alone operation, or the clock input may 
be driven from an external clock source such as a divided-down 
microprocessor clock. The only other external components re¬ 
quired for basic operation of the AD7572 are decoupling capacitors 
for the supply voltages and reference output. 

The AD7572 has a high-speed digital interface with three-state 
data outputs and can operate under the control of standard 
microprocessor Read (RD) and decoded address (CS) signals. 
Interface timing is sufficiently fast to allow the AD7572 to operate 
with most popular microprocessors, with three-state enable 
times of only 90ns and bus relinquish times of 75ns. 

The AD7572 is fabricated in Analog Devices Linear Compatible 
CMOS process (LC^MOS), an advanced, all ion-implanted 
process that combines fast CMOS logic and linear, bipolar circuits 
on a single chip, thus achieving excellent linear performance 
while still retaining low CMOS power levels. 

The AD7572 is packaged in a 0.3", 24-pin DIP and is also available 
in 28-pin leadless ceramic chip carrier (LCC). 


AD7572 FUNCTIONAL BLOCK DIAGRAM 



PRODUCT HIGHLIGHTS 

1. Fast, SfjLS and 12.5p,s conversion times make the AD7572 
ideal for a wide range of applications in telecommunications, 
sonar and radar signal processing or any wideband data 
acquisition system. 

2. On-chip buried-zener reference has temperature coefficient as 
low as 25ppm/°C, giving low full-scale drift over the operating 
temperature range. 

3. Stable DAC and comparator give excellent linearity and low 
zero error over the full temperature range. 

4. Fast, easy-to-use digital interface has three-state bus access 
times of 90ns and bus relinquish times of 75ns, allowing the 
AD7572 to interface to most popular microprocessors. 

5. LC^MOS circuitry gives low power drain (135mW) from 
-1-5, — 15 volt supplies. 

6 . 24-pin 0.3" package offers space saving over parts in 28-pin 
0.6" DIP. 


This four-page data summary contains key specifications to speed your selec¬ 
tion of the proper solution for your application. Additional information on this 
product can be obtained from your local sales office. 
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QPmnrATinMQ == ^ kmi2m% 1MHz for AD7572XX12. 

vr LUirivlll lUliw All Specifications T^jn to unless otheiwise noted. Specifications apply to Slow Memoiy Mode). 



AD7572JN‘ 

AD7572KN 

AD7572LN 

' 



AD7572AQ 

AD7572BQ 

AD7572CQ 



Parameter 

AD7572SQ 

AD7572TQ 

AD7572UQ 

Units 

Test Conditions/Comments 

ACCURACY 






Resolution 

12 

12 

12 

Bits 


Integral Nonlinearity 

±1 

+1 

±1/2 

LSB max 


Differential Nonlinearity 

±1 

±1 

±1 

LSB max 


Minimum Resolution for which no 






Missing Codes are guaranteed 

12 

12 

12 

Bits 


Offset Error @ + 25°C 

±4 

±3 

±2 

LSB max 


Tmin to Tnaax 

±8 

±6 

±4 

LSB max 

Typical Change over Temp is ± 2LSBs 

Full Scale (FS) Error^ @ + 25°C 

±15 

±10 

±10 

LSB max 

Vdd= 5V; Vss = - 15V; FS = 5V 

Ideal Last Code Transition = FS - 3/2LSBs 

Full Scale TC^’^ 

45 

25 

25 

ppm/°C max 


ANALOG INPUT 






Input Voltage Range 

Oto +5 

Oto +5 

Oto +5 

Volts 

For bipolar operation, refer to Figures 10 & 

Input Current 

3.5 

3.5 

3.5 

mA max 

12 of full 12-page data sheet. 

INTERNAL REFERENCE VOLTAGE 






Vref Output @ + 25°C 

-5.2/-5.3 

-5.2/-5.3 

-5.2/-5.3 

V min/V max 

-5.25V ±1% 

Vref Output TC 

40 

20 

20 

ppm/°C typ 


Output Current Sink Capability 

500 

500 

500 

IxAmax 

(External Load Should Not Change 

During Conversion) 

POWER SUPPLY REJECTION 






VoDOnly 

±1/2 

±1/2 

±1/2 

LSB typ 

FS Change, Vss = -15V 

Vdd =+4.75V to + 5.25V 

Vss Only 

±1/2 

±1/2 

±1/2 

LSB typ 

FS Change, Vdd = 5V 

Vss = -14.25Vto-15.75V 

LOGIC INPUTS 






CS,RD,HBEN,CLKIN 






Vinlj Input Low Voltage 

+ 0.8 

+ 0.8 

+ 0.8 

V max 

Vdd = 5V±5% 

Vinhj Input High Voltage 

+ 2.4 

+ 2.4 

+ 2.4 

Vmin 


CiN>^ Input Capacitance 

10 

10 

10 

pF max 


^,RD,HBEN 






IjN, Input Current 

CLKIN 

±10 

±10 

±10 

|xA max 

ViN= OtoVDD 

IiN, Input Current 

, ±20 

±20 

±20 

|xA max 

VjN == OtoVDD 

LOGIC OUTPUTS 






D1 l-DO/8, BUSY, CLK OUT 






Volj Output Low Voltage 

+ 0.4 

+ 0.4 

+ 0.4 

Vmax 

IsiNK = 1.6mA 

Volj Output High Voltage 

Floating State Leakage Current 

+ 4.0 

+ 4.0 

+ 4.0 

Vmin 

IsouRCE = 200fxA 

D1 l-DO/8 

±10 

±10 

±10 

|xA max 


Floating State Output Capacitance^ 

15 

15 

15 

pFmax 


CONVERSION TIME 






AD7572XX05 






Synchronous Clock 

5 

5 

5 

jxs max 

fcLK = 2.5MHz. See Under 

Asynchronous Clock 

AD7572XX12 

4.8/5.2 

4.8/5.2 

4.8/5.2 

|xs min/max 

Control Inputs Synchronization 

Synchronous Clock 

12.5 

12.5 

12.5 

|xs max 

fcLK = IMHz 

Asynchronous Clock 

12/13 

12/13 

12/13 

|xs min/max 


POWER REQUIREMENTS 






Vdd 

+ 5 

+ 5 

+ 5 

VNOM 

± 5% for Specified Performance 

Vss 

-15 

-15 

-15 

VNOM 

± 5% for Specified Performance 


7 

7 

7 

mAmax 

^ =^= Vdd,AIN = 5V 

Iss^ 

12 

12 

12 

mAmax 

CS = RD=Vdd,AIN = 5V 

Power Dissipation 

135 

135 

135 

mW typ 



215 

215 

215 

mW max 



NOTES 

'Temperature range as follows: AD7572JN, KN, LN; 0 to + 70*’C. 


AD7572AQ, BQ, CQ; - 25“C to + 85°C. 

AD7S72SQ, TQ, UQ; - SS^C to + 125°C. 

^Includes internal voltage reference error. 

^Full Scale TC = AFS/AT, where AFS is Full Scale change from Ta = +25°CtoTmi„orT,nax- 
''Includes internal voltage reference drift. 

^Sample tested to ensure compliance. _ _ __ 

*PowersupplycurrentismeasuredwhenAD7572isinactive,i.e.,CS = RD= BUSY= HIGH. 
Specifications subject to change without notice. 
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TIMING CHARACTERISTICS' «. - ».v„ -»> 


Parameter 

Limit at + 25®C 
(All Grades) 

Limit at T„un,T„„ 
a,K,L,A,B,CGrades) 

Limit at T,„j„, T^j^x 
(S,T,U Grades) 

Units 

Conditions/Comments 

ti 

0 

0 

0 

ns min 

CS to RD Setup Time 

t2 

190 

230 

270 

ns max 

RD to BUSY Propagation Delay 

ts' 

90 

no 

120 

ns max 

Data Access Time after RD, Cl = 20pF 


125 

150 

170 

ns max 

Data Access Time after RD, Cl = lOOpF 

t4 

t3 

t3 

t3 

ns min 

RD Pulse Width 

t5 

0 

0 

0 

ns min 

CS to RD Hold Time 

t6^ 

70 

90 

100 

ns max 

Data Setup Time after BUSY 


20 

20 

20 

ns min 

Bus Relinquish Time 


75 

85 

90 

ns max 


ts 

0 

0 

0 

ns min 

HBEN to RD Setup Time 

t9 

0 

0 

0 

ns min 

HBEN to ^ Hold Time 

tio 

500 

500 

500 

ns min 

Delay Between Successive 






Read Operations 


NOTES 

'Timing Specifications are sample tested at + 25°C to ensure compliance. All input control signals are specified with 
tr = tf = 5ns (10% to 90% of + 5 V) and timed from a voltage level of 1.6V. 

^t 3 and tg are measured with the load circuits of Figure 1 and defined as the time required for an 
output to cross 0.8V or 2.4V. 

is defined as the time required for the data lines to change 0.5 V when loaded with the circuits of Figure 2. 
Specifications subject to change without notice. 



a. High-Z to Vqh (tj) 
and Vql fo Vqh (te) 


b. High-Z to Vql (h) 
and VoH to Vql (tel 


Figure 7. Load Circuits for Access Time 



3kit 


lOpF 
^DGND 


a. Vqh to High-Z b. Vql to High-Z 

Figure 2. Load Circuits for Output Float Delay 


ABSOLUTE MAXIMUM RATINGS^ 

(Ta = + 25°C unless otherwise noted) 


Vdd to DGND. -0.3V to +7V 

Vss to DGND.+0.3V to - 17V 

AGND to DGND.-0.3V, Vdd + 0.3V 

AIN to AGND.- 15V to + 15V 


Digital Input Voltage to DGND 

(Pins 17, 19-21. -0.3V, Vdd +0.3V 

Digital Output Voltage to DGND 

(Pins 4-11, 13-16, 18, 22. -0.3V, Vdd +0.3V 

Operating Temperature Range 

JN, KN, LN.Oto +70X 

AQ, BQ, CQ. -25°C to +85°C 

SQ, TQ, UQ.-55"C to + 125X 

Storage Temperature.-65®C to + 150°C 

Power Dissipation (Any Package) to + 75°C .... l,OOOmW 

Derates above + 75°C by. 10mW/°C 


♦Stress above those listed under “Absolute Maximum Ratings” may cause permanent 
damage to the device. This is a stress rating only and functional operation of the device 
at these or any other condition above those indicated in the operational sections of this 
specification is not implied. Exposure to absolute maximum rating conditions for ex¬ 
tended periods may affect device reliability. 


CAUTION: __ 

ESD (Electro-Static-Discharge) sensitive device. The digital control inputs are diode protected; 
however, permanent damage may occur on unconnected devices subjected to high energy electrosta¬ 
tic fields. Unused devices must be stored in conductive foam or shunts. The foam should be dis¬ 
charged to the destination socket before devices are removed. 
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ORDERING INFORMATION^’^ 

CONVERSION TIME = Sfjis 


CONVERSION TIME = 12.5|iis 



1 Temperature Range and Package 

FuU Scale TC 

Integral 

Nonlinearity 

T,„i„toT,„ax 

Plastic 

0to+70X 

Hermetic^ 
-25“Cto 
+ 85X 

Hermetic ^ 
-55“Cto 
+ 125“C 

45ppin/°C 

25ppin/°C 

25ppm/°C 

± 1 

±1/2 

AD7572JN05 

AD7572KN05 

AD7572LN05 

AD7572AQ05 

AD7572BQ05 

AD7572CQ05 

AD7572SQ05 

AD7572TQ05 

AD7572UQ05 



1 Temperature Range and Package 

Full Scale TC 

Integral 

Nonlinearity 

T^toT^ 

Plastic 

0to+70X 

Hermetic^ 
-25Xto 
+ 85°C 

Hermetic^ 
~55“Cto 
+ 125X 

45ppm/°C 

25ppm/°C 

25ppm/°C 

±1 

±1 

±1/2 

AD7572JN12 

AD7572KN12 

AD7572LN12 

AD7572AQ12 

AD7572BQ12 

AD7572CQ12 

AD7572SQ12 

AD7572TQ12 

AD7572UQ12 


NOTES 

'To order military standard 883B REV. C processed parts, add /883B to part number. 
Contact your local sales office for military data sheet. 

^Leadless Ceramic Chip Carrier versions are available. To order, replace Q with E. 
^Analog Devices reserves the right to ship either ceramic or cerdip hermetic packages. 


OUTLINE DIMENSIONS 

Dimensions shown in inches and (nun). 

24-PIN PLASTIC (SUFFIX N) 24-PIN CERAMIC (SUFFIX Q) 



2. PLASTIC LEADS WILL BE EITHER SOLDER DIPPED OR TIN/LEAD 
PLATED IN ACCORDANCE WITH MIL-M-38510 REQUIREMENTS. 



NOTES 

1. LEAD NO. 1 IDENTIFIED BY DOT OR NOTCH. 

2. CERAMIC DIP LEADS WILL BE EITHER GOLD OR TIN PLATED IN 
ACCORDANCE WITH MIL-M-38510 REQUIREMENTS. 

3. METAL LID IS CONNECTED TO DGND 


24-PIN CERDIP (SUFFIX Q) 28-TERMINAL LEADLESS CHIP CARRIER 




2. CERDIP LEADS WILL BE EITHER TIN PLATED OR SOLDER DIPPED 
IN ACCORDANCE WITH MIL-M-38510 REQUIREMENTS. 
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FEATURES 

Fast Conversion Time: 5^,s 
On-Chip Track/Hold 
Low Total Unadjusted Error: 1LSB 
Full Power Signal Bandwidth: 50kHz 
Single +5V Supply 
100ns Data Access Time 
Low Power (15mW typ) 

Low Cost 
Small Package 

cs 

RD 

TP 


BUSY DGND 

3. Low Total Unadjusted Error 

The zero, full-scale and linearity errors of the AD7575 are so 
low that the total unadjusted error at any point on the transfer 
function is less than ILSB and offset and gain adjustments 
are not required. 

4. Single Supply Operation 

Operation from a single + 5V supply with a low-cost + 1.23V 
bandgap reference allows the AD7575 to be used in 5V 
microprocessor systems without any additional power 
supplies. 

5. Fast Digital Interface 

Fast interface timing allows the AD7575 to interface easily to 
the fast versions of most popular microprocessors such as the 
Z80H, 8085A-2, 6502B, 68B09 and the DSP processor, the 
TMS32010. 


GENERAL DESCRIPTION 

The AD7575 is a high-speed 8-bit ADC with a built-in track/hold 
function. The successive approximation conversion technique is 
used to achieve a fast conversion time of 5^.s, while the built-in 
track/hold allows full-scale signals up to 50kHz (386mV/fjLS slew 
rate) to be digitized. The AD7575 requires only a single -I-5V 
supply and a low-cost, 1.23V bandgap reference in order to 
convert an input signal range of 0 to 2Vref* 

The AD7575 is designed for easy interfacing to all popular 8-bit 
micropr ocess ors using standard microprocessor coqtrol signals 
(CS and RD) to control starting of the conversion and reading 
of the data. The interface logic allows the AD7575 to be easily 
configured as a memory mapped device and the part can be 
interfaced as SLOW-MEMORY or ROM. All data outputs of 
the AD7575 are latched and three-state buffered to allow direct 
connection to a microprocessor data bus or I/O port. 

The AD7575 is fabricated in an advanced, all ion-implanted 
high speed Linear Compatible CMOS (LC^MOS) process and is 
packaged in a small, 0.3" wide, 18-pin DIP. 


AD7575 FUNCTIONAL BLOCK DIAGRAM 


Vdd 



PRODUCT HIGHLIGHTS 

1. Fast Conversion Time/Low Power 

The fast, 5p,s conversion time of the AD7575 makes it suitable 
for digitizing wideband signals at audio and ultrasonic fre¬ 
quencies, while retaining the advantage of low CMOS power 
consumption. 

2. On-Chip Track/Hold 

The on-chip track/hold function is completely self-contained 
and requires no external hold capacitor. Signals with slew 
rates up to 386mV/p,s (e.g., 2.46V peak-to-peak 50kHz sine 
waves) can be digitized with full accuracy. 
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Parameter 

AD7575JN* 

AD7575AQ 

AD7575KN 

AD7575BQ 

AD7575SQ 

AD7575TQ 

Units 

Conditions/Comments 

ACCURACY 

Resolution 

8 

8 

8 

8 

Bits 


Total Unadjusted Error 

±2 

±1 

±2 

±1 

LSBmax 


Relative Accuracy 

±1 

±'A 

±1 

±1/2 

LSBmax 


Minimum Resolution for which 

No Missing Codes is Guaranteed 

8 

8 

8 

8 

Bits max 


Full Scale Error 

25°C 

±1 

±1 

±1 

±1 

LSBmax 

Full Scale TC is typically 5ppm/°C 

Tmtn to Tmasr 

± 1 

± 1 

±1 

±1 

LSBmax 


Offset Error^ 

25“C 

±1/2 

±V2 

±V2 

±‘/2 

LSBmax 

Offset TC is typically 5ppm/®C 

Taunt0Tnu« 

±V2 

±V2 

±V4 

±‘/2 

LSBmax 


ANALOG INPUT 

Voltage Range 

0to2VREF 

0to2VREF 

0to2VRKiJ 

0to2VREF 

Volts 

ILSB = 2Vref/ 256; Sec Figure 16 

DC Input Impedance 

10 

10 

10 

10 

MG min 


Slew Rate, Tracking 

0.386 

0.386 

0.386 

0.386 

V/|jis max 


SNR^ 

45 

45 

45 

45 

dBmin 

ViN = 2.46V p-p @ lOkHz; See Figure 11 

REFERENCE INPUT 

Vref (For specified Performance) 

1.23 

1.23 

1.23 

1.23 

Volts 

±5% 

Iref 

500 

500 

500 

500 

p.Amax 


LOGIC INPUTS 

CS,RD 

Vinl, Input Low Voltage 

0.8 

0.8 

0.8 

0.8 

Vmax 


ViNH, Input High Voltage 

2.4 

2.4 

2.4 

2.4 

Vmin 


IiN, Input Current 

25“C 

±1 

±1 

±1 

± 1 

IxAmax 

ViN^OorVoD 

TnuntoTn«* 

±10 

±10 

±10 

±10 

p.Amax 

VrN=0or Vdd 

Cinj Input Capacitance^ 

10 

10 

10 

10 

pF max 


CLK 

Vinlj Input Low Voltage 

0.8 

0.8 

0.8 

0.8 

Vmax 


ViNH, Input High Voltage 

2.4 

2.4 

2.4 

2.4 

Vmin 


IiNL> Input Low Current 

700 

700 

800 

800 

IxAmax 

VmL=0V 

Iinhj Input High Current 

700 

700 

800 

800 

IxAmax 

ViNH= Vdd 

LOGIC OUTPUTS 

BUSY, DBOtoDB? 

Volj Output Low Voltage 

0.4 

0.4 

0.4 

0.4 

Vmax 

isiNK = 1.6mA 

VoH> Output High Voltage 

4.0 

4.0 

4.0 

4.0 

V min 

ISOURCE = 40p-A 

DBOtoDB? 

Floating State Leakage Current 


±1 

±10 

±10 

^.Amax 

VouT^OtoVoD 

Floating State Output Capacitance^ 

10 

10 

10 

10 

pF max 


CONVERSION TIME'^ 

With External Clock 

5 

5 

5 

5 

p.s 

fcLK = 4MHz 

With Internal Clock, Ta = 25°C 

5 

5 

5 

5 

ixsmin 

Using recommended clock 


15 

15 

15 

15 

psmax 

components shown in Figure 15. 

POWER REQUIREMENTS® 

Vdd 

+ 5 

+ 5 

+ 5 

+ 5 

Volts 

± 5% for Specified Performance 

Idd 

6 

6 

7 

7 

mAmax 

Typically 3mA with Vdd = + 5V 

Power Dissipation 

15 

15 

15 

15 

mW typ 


Power Supply Rejection 

±'/4 

±‘/4 

±‘/4 

±'/4 

LSBmax 

4.75V<Vdd^5.25V 


NOTES 

'Temperature Ranges are as follows: 

AD7575JN, KN 0 to +70“C 
AD7575AQ, BQ -25*C to +85‘‘C 
AD7575SQ, TQ - SS^C to + US^C 

^Offset error is measured with respect to an ideal first code transition which occurs at 1/2LSB. 

^Sample tested at 2S‘’C to ensure compliance. 

* Accuracy may degrade at conversion times other than those specifled._ _ _ 

*Power supply current is measured when AD7575 is inactive i.e. when CS = RD = BUSY = logic HIGH. 
Specifications subject to change without notice. 
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TIMING SPECIFICATIONS^ (VgD= +5V, V|sf= +1.23V, A6ND=DGND=0V) 



Limit at + 25X 

Limit at T^,T„»ax 

Limit at 



Parameter 

(All Grades) 

G, K, A, B Grades) 

(S, T Grades) 

Units 

Conditions/Comments 

ti 

0 

0 

0 

ns min 

CS to RD Setup Time 

t2 

100 

100 

120 

ns max 

RD to BUSY Propagation Delay 

t3^ 

100 

100 

120 

ns max 

Data Access Time after RD 

u 

100 

100 

120 

ns min 

RD Pulse Width 

t5 

0 

0 

0 

ns min 

CS to RD Hold Time 


80 

80 

100 

ns max 

Data Access Time after BUSY 


10 

10 

10 

ns min 

Data Hold Time 


80 

80 

100 

ns max 


h 

0 

0 

0 

ns min 

BUSY to CS Delay 


NOTES 

‘Timing Specifications are sample tested at +25°C to ensure compliance. All input control signals are specified with tr = tf==20ns (10% to 90% of +5V) 
and timed from a voltage level of 1.6V. 

hi and t^ are measured with the load circuits of Figure 1 and defined as the time required for an output to cross 0.8V or 2.4V. 

^ty is defined as the time required for the data lines to change 0.5 V when loaded with the circuits of Figure 2. 

Specifications subject to change without notice. 


Test Circuits 



a. High-Z to Vqh 3. Vqh to High-Z 


+ 5V 



b. High-Z to Vql 

Figure 1. Load Circuits for Data Access Time Test 


+ 5V 



b. Vql to High-Z 

Figure 2. Load Circuits for Data Hold Time Test 


NEW PRODUCTS - ICs 3-249 



ABSOLUTE MAXIMUM RATINGS* 

Vdd to AGND .- 0.3V, + TV 

VddTODGND . .. -0.3V, +7V 

AGNDTODGND. -0.3V, Vdd 

Digital Input Voltage to DGND (Pins 1,2). . . -0.3V, Vdd 

Digital Output Voltage to DGND 

(Pins 4, 6-8, 10-14). -0.3V, Vdd 

CLK Input Voltage (Pin 5) to DGND ..... -0.3V, Vdd 

Vref to AGND . .. —0.3V, Vdd 

AIN TO AGND .. -0.3V, Vdd 

Operating Temperature Range 

JN, KN. Oto 4-70‘’C 


AQ, BQ . . . ... . -25^C to +85°C 

SQ,TQ.. . . -55°Cto +125°C 

Storage Temperature Range.• • • • -65°Cto +150®C 

Lead Temperature (soldering, lOsec).+ 300°C 

Power Dissipation (Any Package) to + 75°C . 450mW 

Derates above 75°C by .6mW/°C 


*Stresses above those listed under ** Absolute Maximum Ratings” may 
cause permanent damage to the device. This is a stress rating only and 
functional operation of the device at these or any other conditions above 
those indicated in the operational sections of this specification is not 
implied. Exposure to absolute maximum rating conditions for extended 
periods may affect device reliability. 


CAUTION- 

ESD (Electro-Static-Discharge) sensitive device. The digital control inputs are zener protect¬ 
ed; however, permanent damage may occur on unconnected devices subject to high energy 
electrostatic fields. Unused devices must be stored in conductive foam or shunts. The pro¬ 
tective foam should be discharged to the destination socket before devices are removed. 



PIN CONFIGURATION 


ORDERING INFORMATION* 


cs [T 

- ^ - 

• 


RD [T 



TP [T 

AD7575 


BUSY |_4_ 

TOP VIEW 

AGND 

CLK L5_ 

(Not to Scale) 

141 DBO (LSB) 

DB7 (MSB) [T 


m 

DB6 [T 


m 

DB5 fT 


ED 

DGNDFT 


p^DB4 


Temperature Range and Package 


Accuracy 

Plastic 

Cerdip^ 

Cerdip^ 

(T„y„toT^ 

Oto +70’C 

-25Xto +85X 

-55Xto+125X 

±1LSB 

AD7575JN 

AD7575AQ 

AD7575SQ 

±‘/2LSB 

AD7575KN 

AD7575BQ 

AD7575TQ 


NOTES 

'For information regarding /883B versions, contact your local Analog Devices sales office 
for military data sheet. 

^Analog Devices reserves the right to ship ceramic packages in lieu of cerdip packages. 


TERMINOLOGY 

LEAST SIGNIFICANT BIT (LSB) 

An ADC with 8-bits resolution can resolve 1 part in 2* (i.e., 
256) of full scale. For the AD7575 with + 2.46V full scale one 
LSB is 9.61mV. 

TOTAL UNADJUSTED ERROR 

This is a comprehensive specification which includes full scale 
error, relative accuracy and offset error. 

RELATIVE ACCURACY 

Relative Accuracy is the deviation of the ADC’s actual code 
transition points from a straight line drawn between the devices 
measured first LSB transition point and the measured full scale 
transition point. 

SNR 

Signal-to-Noise Ratio (SNR) is the ratio of the desired signal to 
the noise produced in the sampled and digitized analog signal. 
SNR is dependent on the number of quantization levels used in 
the digitization process; the more levels, the smaller the quanti¬ 
zation noise. The theoretical SNR for a sine wave input is given 

*>y SNR = (6.02N + 1.76)dB 

where N is the number of bits in the ADC. 


FULL SCALE ERROR (GAIN ERROR) 

The gain of a unipolar ADC is defined as the difference between 
the analog input levels reqxiired to produce the first and the last 
digital output code transitions. Gain error is a measure of the 
deviation of the actual span from the ideal span of FS - 2LSB’s. 

ANALOG INPUT RANGE 

With Vref= + L23V the maximum analog input voltage range 
is 0 to + 2.46V. The output data in LSB’s is related to the 
analog input voltage by the integer value of the following 
expression: 

256 AIN 

Data (LSB’s) = - +0.5 

2 Vref 

SLEW RATE 

Slew Rate is the maximum allowable rate of change of input 
signal such that the digital sample values are not in error. Slew 
Rate limitations may restrict the analog signal bandwidth for 
full-scale analog signals below the bandwidth allowed from 
sampling theorem considerations. 
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Digital Considerations 


CS __( 

1 . 1 

— ^ t, 1 

1 


-H 

1 

1 . 


1*5 

RD 1 

1 

L_ 

t2 1 

^ . 1 

_ 1 

1 

1 

1 

1“^- tcONV - 


BUSY 1 1 




data high impedance V old data V NEW y HIGH IMPEDANCE 

_BUS_ /\ _ fy DATA y\ BUS 


Figure 3. Slow Memory Interface Timing Diagram 


TIMING AND CONTROL OF THE AD7575 

The two logic inputs on the AD7575, CS,and RD, control both 
the starting of conversion and the reading of data from the part. 
A conversion is initiated by bringing both these control inputs 
LOW. Two interface options then exist for reading the output 
data from the AD7575. These are the Slow Memory Interface 
and ROM Interface and their operation is outlined below. It 
should be noted that the TP pin of the AD7575 must be hardwired 
HIGH to ensure correct operation of the part. This pin is used 
in testing the device and should not be used as a feedthrough 
pin in double-sided printed circuit boards. 

SLOW MEMORY INTERFACE 

The first interface option is intended for use with microprocessors 
which can be forced into a WAIT STATE for at least 5p,s (such 
as the 8085A). The microprocessor starts a conversion and is 
halted until the result of the conversion is read from the converter. 
Conversion is initiated by executi ng a memo ry REA D to the 
AD7575 address bringing CS and RD LOW. BUSY subsequently 
goes LOW (forcing the microprocessor READY input LOW) 
placing the processor into a WAIT state. The input signal, 
which had been tracked by the analog input, is held on the 
third falling clock edge of the input clock after CS and RD have 
gone LOW (see Figure 12). The AD7575 then performs a con¬ 
version on t his acqu ired input signal value. When the conversion 
is complete (BUSY goes HIGH), the processor completes the 
memory READ and acquires the newly-converted data. The 
timing diagram for this interface is shown in Figure 3. 



Figure 4. AD7575 to 8085A-2 Slow Memory Interface 


The major advantage of this interface is that it allows the micro¬ 
processor to start conversion, WAIT and then READ data with 
a single READ instruction. The fast conversion time of the 
AD7575 ensures that the microprocessor is not placed in a WAIT 
state for an excessive amount of time. 

Faster versions of many processors, including the 8085A-2, test 
the condition of the READY in put ver y soon after the start of 
an instruction cycle. Therefore, BUSY of the AD7575 must go 
LOW very early in the cycle for the READY input to be effective 
in forcing the processor into a WAIT state. When using the 
8085A-2, the processor SO status signal provides the earliest 
possible indication that a READ operation is about to occur. 
Hence, SO (which is LOW for a READ cycle) provides the 
READ signal to the AD7575. The connection diagram for the 
AD7575 to 8085A-2 Slow-Memory interface is shown in 
Figure 4. 

ROM INTERFACE 

The alternative interface option on the AD7575 avoids placing 
the microprocessor into a WAIT state. In this interface, a con¬ 
version is started with the first READ instruction and the second 
READ instruction accesses the data and starts a second conversion. 
The timing diagram for this interface is shown in Figure 5. It is 
possible to avoid starting another conversion on the second 
READ (see below). 

Conversion is initiated by executing a m emo ry READ instruction 
to the AD7575 address causing CS and RD to go LOW. Data is 
also obtained from the AD7575 during this instr uction. This is 
old data and may be disregarded if not required. BUSY goes 
LOW indicating that conversion is in progress and returns 
HIGH when conversion is complete. Once again the input signal 
is held on the third falling edge of the input clock after CS and 
RD have gone LOW. 

The BUSY line may be used to generate an interrupt to the 
microprocessor or monitored to indicate that conversion is com¬ 
plete. The processor then reads the newly-converted data. Alter¬ 
natively, the delay between the convert start (first READ in¬ 
struction) and the data READ (second READ instruction) must 
be at least as great as the AD7575 conversion time. For t he 
AD 7575 to operate correctly in the ROM in terface mode CS 
and RD should not go LOW before BUSY returns HIGH. 

Normally, the second READ instruction starts another co nvers ion 
as well as accessing the output data. However, if CS a nd RD 
are brought LOW within one external clock period of BUSY 
going HIGH then a second conversion does not occur. 
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Figure 5. ROM Interface Timing Diagram 


Figures 6 and 7 show connection diagrams for interfacing the 
AD7575 in the ROM Interface mode. Figure 6 shows the AD7575 
interface to the 6502/6809 microprocessors while the connection 
diagram for interfacing to the Z-80 is shown in Figure 7. 

As a result of its very fast interface timing the AD7575 can also 
be interfaced to the DSP processor, the TMS32010. The AD7575 
will interface (within specifications) to the TMS32010 running 
at up to 18MHz but will typically work over the full clock frequency 
range of the TMS32010. Figure 8 shows the connection diagram 
for this interface. The.AD7575 is mapped at a port address. 
Conversion is initiated using an IN A, PA instruction where PA 
is the decoded port address for the AD7575. The conversion 
result is obtained from the part using a second IN A, PA instruction 
and the resultant data is placed in the TMS32010 accumulator. 

In many applications it is important that the signal sampling 
occurs at exactly equal intervals to minimize errors due to sampling 
uncertainty or jitter. The interfaces outlined previously require 
that for sampling at equi-distant intervals the user must count 
clock cycles or match software delays. This is especially difficult 
in interrupt driven systems where uncertainty in interrupt servicing 
delays would require that the AD7575 would have to have priority 
interrupt status and even then redundant software delays may 
be necessary to equalize loop delays. 

This problem can be overcome by using a real time clock to 
control the starting of conversion. This can be derived from the 
clock source used to drive the AD7575 CLK pin. Since the 
sampling instant occurs three clock cycles after CS and RD go 
LOW then the input signal sampling intervals are equi-distant. 
The resultant data is placed in a FIFO latch which can be accessed 
by the microprocessor at its own rate whenever it requires the 
data. This ensures that data is not READ from the AD7575 
during a conversion. If a data READ is performed during a 
conversion, valid data from the previous conversion will be 
accessed but the conversion in progress may be interfered with 
and an incorrect result is likely. 

If ® and RD go LOW within 20ns of a falUng clock edge the 
AD7575 may or may not see that falling edge as the first of the 
three falling clock edges to the sampling instant. In this case the 
sampling instant could vary by one clock per iod. If it is important 
to know the exact sampling instant, CS and RD should not go 
LOW within 20ns of a falling clock edge. 



Figure 6. AD7575 to 6502/6809 ROM Interface 



Figure 7. AD7575 to Z-80 ROM Interface 



Figure 8. AD7575 to TMS32010 ROM Interface 
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Analog Circuitry 


A SAMPLED-DATA INPUT 

The AD7575 makes use of a sampled-data comparator. The 
equivalent input circuit is shown in Figure 9. When a conversion 
starts, switch SI is closed and the equivalent input capacitance 
is charged to Vin. With a switch resistance of typically 5000 
and an input capacitance of typically 2pF the input time constant 
is Ins. Thus Qn becomes charged to within ± 1/4LSB in 6.9 
time constants or about 7ns. Since the AD7575 requires two 
input clock cycles (at a clock frequency of 4MHz) before going 
into the compare mode, there is ample time for the input voltage 
to settle before the first comparator decision is made. Increasing 
the source resistance increases the settling time required. Input 
bypass capacitors placed directly at the analog input act to average 
the input charging currents. The average current flowing through 
any source impedance can cause full-scale errors. 



Figure 9. AD7575 Equivalent Input Circuit 

REFERENCE INPUT 

The reference input impedance on the AD7575 is code dependent 
and varies by a ratio of approximately 3-to-l over the digital 
code range. The typical resistance range is from 6kfl to ISkfl. 
As a result of the code dependent input impedance, the Vref 
input must be driven from a low impedance source. Figure 10 
shows how an ADS 89 can be configured to produce a nominal 
reference voltage of + 1.23V. 


+ 5V 



Figure W. Reference Circuit 

TRACK-AND-HOLD 

The on-chip track-and-hold on the AD7575 means that input 
signals with slew rates up to 386mV/fjLS can be converted without 
error. This corresponds to an input signal bandwidth of 50kKz 
for a 2.46V peak-to-peak sine wave. Figure 11 shows a typical 
plot of signal-to-noise ratio versus input frequency, over the 
input bandwidth of the AD7575. The SNR figures are generated 
using a 200kHz sampling frequency and the reconstructed sine 
wave passes through a filter with a cutoff frequency of 50kHz. 

The improvement in the SNR figures seen at the higher frequencies 
is due to the sharp cut-off of the filter (50kHz, 8th order Chebyshev) 
used in the test circuit. 



Figure 7 7. SNR vs. Input Frequency 


The input signal is held on the third falling edge of the input 
clock after CS and RD go LOW. This is indicated in Figure 12 
for the Slow Memory Interface. In between conversions the 
input signal is tracked by the AD7575 track-and-hold. Since the 
sampled signal is held on a small, on-chip capacitor it is advis¬ 
able that the data bus be kept as quiet as possible during a 
conversion. 



INPUT SIGNAL 
HELD HERE 


Figure 12a. Track-and-Hold (Slow Memory Interface) with 
External Clock 



INPUT SIGNAL 
HELD HERE 


Figure 12b. Track-and-Hold (Slow Memory Interface) with 
Internal Clock 
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INTERNAL/EXTERNAL CLOCK 

The AD7575 can be used with either its own internal clock or 
with an externally applied clock. In either case, the clock signal 
appearing at the CLK pin is divided internally by two to provide 
an internal clock signal for the AD7575. A single conversion 
lasts for 20 input clock cycles (10 internal clock cycles). 

INTERNAL CLOCK 

Clock pulses are generated by the action of the external capacitor 
(Cclk) charging through an external resistor (Rclk) and dis¬ 
charging through an internal switch. When a conversion is 
complete, the internal clock stops operating. In addition to 
conversion, the internal clock also controls the automatic internal 
reset of the SAR. This reset occurs at the start of each conversion 
cycle during the first internal clock pulse. 

Nominal conversion times versus temperature for the recom¬ 
mended Rclk and Cclk combination are shown in Figure 13. 




-55 -25 0 +25 +50 +75 +100 +125 

AMBIENT TEMPERATURE - °C 


Figure 13. Typical Conversion Times vs. Temperature 
Using Internal Clock 


The internal clock is useful in that it provides a convenient 
clock source for the AD7575. Due to process variations, the 
actual operating frequency for this Rclk/Cclk combination can 
vary from device to device by up to ±50%. For this reason it is 
recoirunended that an external clock be used in the following 
situations; 

1. Applications requiring a conversion time which is within 
50% of 5jjls, the minimum conversion time for specified 
accuracy. A clock frequency of 4MHz at the CLK pin gives 
a conversion time of 5ps. 

2. Applications where time related software constraints cannot 
acconunodate time differences which may occur due to unit 
to unit clock frequency variations or temperature. 


EXTERNAL CLOCK 

The CLK input of the AD7575 may be driven directly from 
74HC, 4000B series buffers (such as 4049) or from LS TTL 
with a 5.6kn pull-up resistor. When conversion is complete, the 
internal clock is disabled even if the external clock is still applied. 
This means that the external clock can continue to run between 
conversions without being disabled. The mark/space ratio of the 
external clock can vary from 70/30 to 30/70. 

The AD7575 is specified for operation at a 5|xs conversion rate 
with a 4MHz input clock frequency. If the part is operated at 
slower clock frequencies, it may result in slightly degraded 
accuracy performance from the part. This is a result of leakage 
effects on the hold capacitor. Figure 14 shows a typical plot of 
accuracy versus conversion time for the AD7575. 
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Figure 14. Accuracy vs. Conversion Time 
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UNIPOLAR OPERATION 

The basic operation for the AD7575 is in the unipolar single 
supply mode. Figure 15 shows the circuit connections to achieve 
this while the nominal transfer characteristic for unipolar operation 
is given in Figure 16. Since the offset and full-scale errors on 
the AD7575 are very small, in many cases it will not be necessary 
to adjust out these errors. If calibration is required the procedure 
is as follows: 

Offset Adjust 

Offset error adjustment in single-supply systems is easily achievable 
by means of the offset null facility of an op-amp when used as a 
voltage follower for the analog input signal, AIN. The op-amp 
chosen should be able to operate from a single supply and allow 
a common-mode input voltage range that includes OV (e.g., 
TLC271). To adjust for zero offset the input signal source is set 
to +4.8mV (i.e., 1/2LSB) while the op-amp offset is varied 
until the ADC output code flickers between 000 ... 00 and 
000 ... 01 . 

Full Scale Adjust 

The full scale or gain adjustment is made by forcing the analog 
input AIN to + 2.445V (i.e., Full-Scale Voltage -3/2LSB). 

The magnitude of the reference voltage is then adjusted imtil 
the ADC output code flickers between 111 ... 10 and 
111 . . . 11 . 


; 47nF O.VF 


ir47,xF O.lfxF 

V V V ^ 


Figure 15. AD7575 Unipolar Configuration 



AIN, INPUT VOLTAGE (IN TERMS OF LSB'S) 


Figure 16. Nominal Transfer Characteristic for 
Unipolar Operation 


Unipolar/Bipolar Considerations 

BIPOLAR OPERATION 

The circuit of Figure 17 shows how the AD7575 can be configured 
for bipolar operation. The output code provided by the AD7575 
is offset binary. The analog input voltage range is ± 2.46V, 
although the voltage appearing at the AIN pin of the AD7575 is 
in the range OV to + 2.46V. Figure 18 shows the transfer fimction 
for bipolar operation. The LSB size is now 19.22mV. Calibration 
of the bipolar operation is outlined below. Once again, because 
the errors are small it may not be necessary to adjust them. To 
maintain specified performance without the calibration all resistors 
should be 0.1% tolerance with R4 and R5 replaced by one lOkH 
resistor and R2 and R3 replaced by one Ikfl resistor. 

Offset Adjust 

Offset error adjustment is achieved by applying an analog input 
voltage of + 2.43V (+ FS - 3/2LSB). Resistor R5 is then adjusted 
until the output code flickers between 111 ... 10 and 
111 . . . 11 . 

Full Scale Adjust 

Full scale or gain adjustment is made by applying an analog 
input voltage of -2.45V (-FS + 1/2LSB). Resistor R3 is then 
adjusted until the output code flickers between 000 ... 00 and 
000 ... 01 . 



INPUT 

VOLTAGE 


Figure 17. AD7575 Bipolar Configuration 


OUTPUT 

CODE 



Figure 18. Nominal Transfer Characteristic for 
Bipolar Operation 
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APPLICATION HINTS 

1. NOISE: Both the input signal lead to AIN, and the signal 
return lead from AGND should be kept as short as possible 
to minimize input>noise coupling. In applications where this 
is not possible, either a shielded cable or a twisted pair trans¬ 
mission line between source and ADC is recommended. 

Also, since any potential difference in grounds between the 
signal source and ADC appears as an error voltage in series 
with the input signal, attention should be paid to reducing 
the ground circuit impedance as much as possible. In general, 
the source resistance should be kept below 2kn. Larger 
values of source resistance can cause undesired system noise 
pickup. 


2. PROPER LAYOUT: Layout for a printed circuit board 
should ensure that digital and analog lines are kept separated 
as much as possible. In particular, care should be taken not 
to run any digital track alongside an analog signal track. 

Both the analog input and the reference input should be 
screened by AGND. A single point analog ground which is 
separate from the logic system ground should be established 
at or near the AD7575. This single point analog ground 
subsystem should be connected to the digital system ground 
by a single-track connection only. Any reference bypass 
capacitors, analog input filter capacitors or input signal shield¬ 
ing should be returned to the analog ground point. 


MECHANICAL INFORMATION 
OUTLINE DIMENSIONS 

Dimensions shown in inches and (mm). 


18-PIN PLASTIC DIP (SUFFIX N) 18-PIN CERDIP (SUFFIX Q) 


18-PIN CERAMIC 




NOTE 

1. LEAD NO. 1 IDENTIFIED BY DOT OR NOTCH. 


NOTE NOTES: 

1. LEAD NO. 1 IDENTIFIED BY DOT OR NOTCH. 1. LEAD NO. 1 IDENTIFIED BY DOT OR NOTCH. 

2. CERAMIC DIP LEADS WILL BE EITHER GOLD OR TIN PLATED IN 
ACCORDANCE WITH MIL-M-38510 REQUIREMENTS. 
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□ ANALOG LC^MOS 

DEVICES 10(jis |jiP Compatible 8-Bit ADC 


AD7576 


FEATURES 

Single +5V Operation with External Positive 
Reference 

Fast Conversion Time: lOps 

No Missed Codes Over Full Temperature Range 

Microprocessor Compatible 

Low Cost 

Low Power (15mW) 

100ns Data Access Time 


GENERAL DESCRIPTION 

The AD7576 is a low cost, low power, microprocessor compatible 
8-bit analog-to-digital converter, which uses the successive 
approximation technique to achieve a fast conversion time of 
lOps. The device is designed to operate with an external reference 
of + 1.23V (standard bandgap reference) and converts input 
signals from OV to 2Vref- 

The part is designed ^ ease of microprocessor interface with 
three control inputs (CS, RD and MODE) controlling all ADC 
operations such as starting conversion and reading data. The 
interface logic allows the part to be easily configured as a memory 
mapped device. All data outputs use latched, three-state output 
buffer circuitry to allow direct connection to a microprocessor 
data bus or system input port. The output latches serve to make 
the conversion process transparent to the microprocessor. 

The part is designed for single + 5V operation, has on-board 
comparator, interface logic, and internal/external clock option. 
This makes the AD7576 ideal for most ADC/pP interface 
applications. 

The AD7576 is fabricated in an advanced, all ion-implanted 
high speed Linear Compatible CMOS (LC^MOS) process and is 
packaged in a small, 0.3" wide, 18-pin DIP. 


AD7576 FUNCTIONAL BLOCK DIAGRAM 


VoD 



PRODUCT HIGHLIGHTS 

1. Single Supply Operation 

Operation from a single + 5V supply with a + 1.23V reference 
allows operation of the AD7576 with microprocessor systems 
without any additional power supplies. 

2. Low Power 

CMOS fabrication of the AD7576 results in a very low power 
dissipation figure of 15mW typical. 

3. Versatile Interface Logic 

The AD7576 can be configured to perform continuous con¬ 
versions or to convert on command. It can be interfaced as 
SLOW-MEMORY or ROM, allowing versatile interfacing to 
most microprocessors. 

4. Fast Conversion Time 

The fabrication of the AD7576 on Analog Devices’ Linear 
Compatible CMOS (LC^MOS) process enables fast conversion 
times of 10|xs, eliminating the need for expensive Sample-and- 
Holds in many low frequency applications. 
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cnrp|r|nBT|r|y^ (Vn=4-syiVREF=+1.23V;AGND=DGND=0V;fcij(=2MHzextenia^ 
drCuiriunI lUliw Ml specifications T,,^, to Tm„untess otherwise noted.) 


Parameter 

AD7576JN* 

AD7S76AQ 

AD7576KN 

AD7S76BQ 

AD7S76SQ 

AD7576TQ 

Units 

Conditions/Comments 

ACCURACY 

Resolution 

8 

8 

8 

8 

Bits 


Total Unadjusted Error 

±2 

±1 

±2 

±1 

LSBmax 


Relative Accuracy 

±1 

±'/2 

±1 

±'/2 

LSB max 


Minimum Resolution for which 

No Missing Codes is Guaranteed 

8 

8 

8 

8 

Bits max 


Full Scale Error 

25°C 

±1 

±1 

±1 

±1 

LSB max 

Full Scale TC is typically 5ppm/°C 

TmintoTmax 

±1 

±1 

±1 

±1 

LSBmax 


Offset Error^ 

25X 

±'/2 

±V2 

±'/2 

±'/2 

LSB max 

Offset TC is typically 5ppm/'’C 

Tmin to TjuaX 

±'/2 

±'/2 

±‘/2 

±'/2 

LSB max 


ANALOG INPUT 

Voltage Range 

0to2VREF 

0to2VREF 

0to2VREF 

0to2VREF 

Volts 

ILSB = 2Vref/256; See Figure 4 

DC Input Impedance 

10 

10 

10 

10 

MH min 


REFERENCE INPUT 

Vref (For specified Performance) 

1.23 

1.23 

1.23 

1.23 

Volts 

±5% 

Iref 

500 

500 

500 

500 

(xAmax 


LOGIC INPUTS 

CS,RD,MODE 

Vinlj Input Low Voltage 

0.8 

0.8 

0.8 

0.8 

Vmax 


Vinhj Input High Voltage 

2.4 

2.4 

2.4 

2.4 

V min 


IiN, Input Current 

25°C 

±1 

±1 

±1 

±1 

IxAmax 

ViN = 0orVDD 

Tnxin to Tmax 

±10 

±10 

±10 

±10 

p.Amax 

ViN^OorVoD 

CiN, Input Capacitance^ 

10 

10 

10 

10 

pFmax 


CLK 

Vinlj Input Low Voltage 

0.8 

0.8 

0.8 

0.8 

Vmax 


Vinhj Input High Voltage 

2.4 

2.4 

2.4 

2.4 

Vmin 


Iinlj Input Low Current 

700 

700 

800 

800 

(xAmax 

Vinl = 0V 

Iinhj Input High Current 

700 

700 

800 

800 

jxAmax 

ViNH = Vdd 

LOGIC OUTPUTS 

BUSY,DB0toDB7 

VoL> Output Low Voltage 

0.4 

0.4 

0.4 

0.4 

Vmax 

IsiNK-L6niA 

Vqhj Output High Voltage 

4.0 

4.0 

4.0 

4.0 

V min 

IsouRCE = 40p.A 

DBOtoDB? 

Floating State Leakage Current 

±1 

±1 

±10 

±10 

IxAmax 

VoUT = 0 to V dD 

Floating State Output Capacitance^ 

10 

10 

10 

10 

pF max 


CONVERSION TIME^ 

With External Clock 

10 

10 

10 

10 

^ts 

fcLK = 2MHz 

With Internal Clock, Ta = 25°C 

10 

10 

10 

10 

p.smin 

Using recommended clock 


20 

20 

20 

20 

ixsmax 

components shown in Figure 3. 

POWER REQUIREMENTS^ 

Vdd 

+ 5 

+ 5 

+ 5 

+ 5 

Volts 

± 5% for Specified Performance 

Idd 

6 

6 

7 

7 

mAmax 

Typically 3mA with Vdd = +5V 

Power Dissipation 

15 

15 

15 

15 

mW typ 


Power Supply Rejection 

±'/4 

±V4 

±'/4 

±‘/4 

LSB max 

4.75V<Vdd^5.25V 


NOTES 

'Temperature Ranges are as follows: 

AD7576JN, KNOto +70‘*C 
AD7576AQ, BQ -25°C to +85°C 
AD7576SQ, TQ -55“C to + 125°C 

^Offset error is measured with respect to an ideal first code transition which occurs at 1/2LSB. 

^Sample tested at 25‘’C to ensure compliance. 

''Accuracy may degrade at conversion times other than those specified._ _ _ 

^Power supply current is measured when Ab7576 is inactive i.e. when CS = RD = MODE = BUSY = logic HIGH. 
Specifications subject to change without notice. 
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TIMING SPECIFICATIONS’ AGND=DGND=OV) 


Parameter 

Limit at + 25°C 
(Ail Grades) 

Limit at 

a, K, A, B Grades) 

Limit at T^,T„„ 
(S,T Grades) 

Units 

Conditions/Comments 

ti 

0 

0 

0 

ns min 

CS to RD Setup Time 

t2 

100 

100 

120 

ns max 

RD to BUSY Propagation Delay 

t3^ 

100 

100 

120 

ns max 

Data Access Time after RD 

u 

100 

100 

120 

ns min 

RD Pulse Width 

ts 

0 

0 

0 

ns min 

CS to RD Hold Time 

t6^ 

80 

80 

100 

ns max 

Data Access Time after BUSY 

t7^ 

10 

10 

10 

ns min 

Data Hold Time 


80 

80 

100 

ns max 


h 

0 

0 

0 

ns min 

BUSY to CS Delay 


NOTES 

'Timing Specifications are sample tested at +25°C to ensure compliance. All input control signals are specified with tr = tf=20ns (10% to 90% of +5V) 
and timed from a voltage level of 1.6V. 

hi and t^ are measured with the load circuits of Figure 1 and defined as the time required for an output to cross 0.8V or 2.4V. 

^t 7 is defined as the time required for the data lines to change 0.5V when loaded with the circuits of Figure 2. 

Specifications subject to change without notice. 


+ 5V 



a. High-Z to Vqh b. High-Z to Vql 

Figure 1. Load Circuits for Data Access Time Test 


+ 5V 



a. VoH to High-Z b. Vql to High-Z 

Figure 2. Load Circuits for Data Hold Time Test 



OUTPUT 

CODE FUl i. SCALE 



AIN, INPUT VOLTAGE (IN TERMS OF LSB'S) 


Figure 3. AD7576 Operational Diagram 


Figure 4. Nominal Transfer Characteristic for 
Unipolar Operation 
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ABSOLUTE MAXIMUMRATINGS* 

VddTOAGND . -0.3V, + TV 

VddTODGND . -0.3V, +7V 

AGNDTODGND .. -0.3V, Vdd 

Digital Input Voltage to DGND (Pins 1-3) . . . ^ 0.3V, Vdd 

Digital Output Voltage to DGND 

(Pins 4, 6-8, 10-14). -0.3V, Vdd 

CLK Input Voltage (Pin 5) to DGND. - 0.3V, Vdd 

VREFtoAGND.. -0.3V, Vdd 

AIN TO AGND . ... - 0.3V, Vdd 

Operating Temperature Range 

JN, KN...Oto+TO'C 


AQ, BQ.. -,25°C to +85"C 

SQ, TQ.. -55°Cto +125‘’C 

Storage Temperature Range.. -65°Cto +150°C 

Lead Temperature (soldering, 10 secs) ......... 300®C 

Power Dissipation (Any Package) to + 75®C . 450mW 

Derates above 75°C by .6mW/®C 


♦Stresses above those listed under “Absolute Maximvun Ratings” may 
cause permanent damage to the device. This is a stress rating only and 
functional operation of the device at these or any other conditions above 
those indicated in the operational sections of this specification is not 
implied. Exposure to absolute maximum rating conditions for extended 
periods may affect device reliability. 


CAUTION-- 

ESD (Electro-Static-Discharge) sensitive device. The digital control inputs are zener protect¬ 
ed; however, permanent damage may occur on unconnected devices subject to high energy 
electrostatic fields. Unused devices must be stored in conductive foam or shunts. The pro¬ 
tective foam should be discharged to the destination socket before devices are removed. 


WARNING! 



PIN CONFIGURATION 


cs [T 

iviiiiiii 


RD [T 



mode(T 



bDsy (T 


15 ] AGND 

clk[T 

(Not to Scale) 

Ul DBO (LSB) 

DB7 (MSB) [T 



DB6 FT 



DBS IT* 



DGNPfT 




ORDERING INFORMATION 

Temperature Range and Package 

Relative 

Accuracy Plastic Cerdip* Cerdip^ 

0to+70X -25Xto+85®C -55“Cto + nSX 

± ILSB AD7576JN AD7576AQ AD7576SQ 

± '/ 2 LSB AD7576KN AD7576BQ AD7576TQ 

NOTE 

'Analog Devices reserves the right to ship ceramic packages in lieu of cerdip packages. 


TERMINOLOGY 

LEAST SIGNIFICANT BIT (LSB) 

An ADC with 8-bits resolution can resolve 1 part in 2® (i.e., 
256) of full scale. For the AD7576 with -I- 2.46V full scale one 
LSB is 9.61mV. 

TOTAL UNADJUSTED ERROR 

This is a comprehensive specification which includes full scale 
error, relative accuracy and offset error. 

RELATIVE ACCURACY 

Relative Accuracy is the deviation of the ADC’s actual code 
transition points from a straight line drawn between the devices 
measured first LSB transition point and the measured full scale 
transition point. 


FULL SCALE ERROR (GAIN ERROR) 

The gain of a unipolar ADC is defined as the difference between 
the analog input levels required to produce the first and the last 
digital output code transitions. Gain error is a measure of the 
deviation of the actual span from the ideal span of FS - 2LSB’s. 

ANALOG INPUT RANGE 

With Vref= + 1.23V the maximum analog input voltage range 
is 0 to + 2.46V. The output data in LSB’s is related to the 
analog input voltage by the integer value of the following 
expression: 

256 AIN 

Data (LSB’s) = - +0.5 

2Vref 
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Figure 5. Slow Memory Interface Timing Diagram 


TIMING AND CONTROL OF THE AD7576 

The AD7576 is capable of two basic operating modes which are 
outlined in the timing diagrams below. These two operating 
modes are an Asynchronous Conversion Mode and a Synchronous 
Conversion Mode. The selection of the required operating mode 
is determined by the status of the MODE pin. When this pin is 
HIGH, the device performs conversions only when the required 
control signals (CS and RD) are applied; with this pin LOW the 
device performs continuous conversions and CS and RD are 
used only to access the output data. 

SYNCHRONOUS CONVERSION MODE 

In the Synchronous Conversion mode the AD7576 will perform 
a conversion when requested to do so by the microprocessor. 

The MODE pin of the AD7576 is tied HIGH to place the device 
in Synchronous Conversion operation. Two interface options 
exist for reading the output data from the AD7576. 

Slow Memory Interface 

The first of these interface options is intended for use with 
microprocessors which can be forced into a WAIT STATE for 
at least lOjxs (such as the 8085A). The microprocessor starts a 
conversion and is halted until the result of the conversion is 
read from the converter. Conversion is initiated by executing a 
memory READ to the AD7576 address. BUSY subsequently 
goes LOW (forcing the microprocessor READY input LOW) 
placing th e proce ssor in a WAIT state. When conversion is 
complete (BUSY goes HIGH) the processor completes the memory 
READ. 

The major advantage of this interface is that it allows the micro¬ 
processor to start conversion, WAIT, and then READ data with 
a single READ instruction. The fast conversion time of the 



Figure 6. AD7576 to 8085A~2 Slow Memory Interface 

AD7576 ensures that the microprocessor is not placed in a WAIT 
state for an excessive amount of time. The timing diagram for 
this interface is shown in Figure 5. 

Faster versions of many processors, including the 8085A-2, test 
the condition of the READY in put ver y soon after the start of 
an instruction cycle. Therefore, BUSY of the AD7576 must go 
LOW very early in the cycle for the READY input to be effective 
in forcing the processor into a WAIT state. When using the 
8085A-2, the processor SO status signal provides the earliest 
possible indication that a READ operation is about to occur. 
Hence, SO (which is 0 for a READ cycle) provides the READ 
signal to the AD7576. The AD7576 connection diagram to the 
8085A-2 is shown in Figure 6. 



Figure 7. ROM Interface Timing Diagram 
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Figure 8. AD7576 to 6502/6809 ROM Interface 

ROM Interface 

The alternative interface option in the Synchronous G)nversion 
mode avoids placing the microprocessor into a WAIT state. In 
this interface, conversion is started with the first read instruction 
and a second read instruction accesses the data and starts a 
second conversion. The timing diagram for this interface is 
shown in Figure 7 while Figure 8 shows the connection diagram 
for the AD7576 with the 6502/6809 microprocessors. 

Conversion is initiated by executing a memory READ instruction 
to the AD7576 address. Data is also obtained from the AD7576 
during this inst ruction . This is old data and may be disregarded 
if not required. BUSY goes LOW during conversion and returns 
HIGH when conversion is complete. 

The BUSY line may be used to generate an interrupt to the 
microprocessor indicating that conversion is complete. The 
processor then reads the newly-converted data. Alternatively, 
the delay between the convert start (first READ instruction) 
and the data READ (second READ instruction) must be at least 
as great as the AD7576 conversion time. For tj^ AD7576 to 
operate correctly i n the R OM Interface mode CS and RD should 
not go low before BUSY returns HIGH. 

Normally, the second READ instruction starts another conversion 
as well as accessing the output data. However, if CS a nd RD 
are brought LOW within one external clock period of BUSY 
going HIGH then a second conversion does not occur. 



Figure 10. AD7576 to 8085A Asynchronous Conversion 
Mode Interface 

ASYNCHRONOUS CONVERSION MODE 

When the MODE pin of the AD7576 is tied LOW, the device 
perf orms continuous conversions, and the control lines CS and 
RD are used only to read the data from the converter. The 
timing diagram for this operating mode is outlined in Figure 9, 
with the connection diagram to the 8085A shown in Figure 10. 

Data is obtained from the AD7576 by executing a memory 
READ instruction to its address. The A/D process is completely 
transparent to the microprocessor and the AD7576 will behave 
like a ROM. Data may be read at any time completely independent 
of the clock. This is especially useful in internal clock applications 
where the user no longer has to worry about synchronizing the 
clock with the READ line of the microprocessor. 

The data latches are nor mally updated by BUSY going HIGH. 
However, if CS and RD are LOW when BUSY goes HIGH, the 
contents of the data latches are frozen until CS or RD returns 
HIGH. This ensures that incorrect data cannot be rea d fro m the 
AD7576. The output latches are updated when CS o r RD return 
HIGH and the converter is re-enabled. If CS or RD do not 
return HIGH the AD7576 will stop performing continuous 
conversions, and will not start again until either line goes 
HIGH. 

The advantage of this mode is its simplicity. The disadvantage 
of this mode is that the data which is read is not clearly defined 
in time. However, it will not be older than one conversion period 
and if this uncert ainty is a problem it can be overcome by moni¬ 
toring the BUSY line. 



Figure 9. Asynchronous Conversion Mode Timing Diagram 
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Mode Operating 

Pin Mode 

High Synchronous 

Conversion 


Device Operation 

1. BUSY connected to jtP ready input. 
Memory Read instruction starts conver¬ 
sion. p.P is driven into wait state for duration 
of AD7576 conversion. 

2. M emory Read instruction starts conver¬ 
sion. BUSY generates interrupt when con¬ 
version is complete. Second Memory Read 
instruction reads newly-converted data. 
Alternatively, when software delay between 
the two read instructions is longer than 
conversion time, the second read instruction 
will access the newly-converted data. In both 
cases the second read normally starts a 
second conversion. 


Low Asynchronous AD7576 performs continuous conver- 
Conversion sions. The data may be read from the 

device independent of CLK by executing a 
Memory Read instruction. 


Table I. AD7576 Operating Modes 


A SAMPLED-DATA INPUT 

The AD7576 makes use of a sampled-data comparator. The 
equivalent input circuit is shown in Figure 11. When a conversion 
starts, switch SI is closed and the equivalent input capacitance 
is charged to Vin- With a switch resistance of typically 5000 
and an input capacitance of typically 2pF the input time constant 
is Ins. Thus Cin becomes charged to within ± Va LSB in 6.9 
time constants or about 7ns. Since the comparator switches are 
operating at one half the input clock frequency of 2MHz, there 
is ample time for the input voltage to settle before the comparator 
decision is made (at the end of a clock period). Increasing the 
source resistance increases the settling time required. Input 
bypass capacitors placed directly at the analog input act to average 
the input charging currents. This average current flowing through 
any source impedance can cause full-scale errors. 



Nominal conversion times versus temperature for the recom¬ 
mended Rclk and Cclk combination are shown in Figure 12. 



-55 -25 0 +25 +50 +75 +100 +125 

AMBIENT TEMPERATURE - °C 

Figure 12. Typical Conversion Time vs. Temperature 
Using Internal Clock 

The internal clock is useftil in that it provides a convenient 
clock source for the AD7576. Due to process variations, the 
actual operating frequency for this Rclk/Q:lk combination can 
vary from device to device by up to ± 30%. For this reason it is 
recommended that an external clock be used in the following 
situations; 

1. Applications requiring a conversion time which is within 
30% of lOfxs, the minimum conversion time for specified 
accuracy. A clock frequency of 2MHz at the CLK pin gives 
a conversion time of IOjls. 

2. Applications where time related software constraints cannot 
accommodate time differences which may occur due to unit 
to unit clock frequency variations or temperature. 

EXTERNAL CLOCK 

The CLK input of the AD7576 may be driven directly from 
74HC, 4000 B-series buffers (such as 4049) or from LS TTL 
with a 5.6kn pull-up resistor. When conversion is complete the 
internal clock is disabled even if the external clock is still applied. 
This means that the external clock can continue to run between 
conversions without being disabled. The mark/space ratio of the 
external clock can vary from 70/30 to 30/70. 


Figure 11. AD7576 Equivalent Input Circuit 

INTERNAL/EXTERNAL CLOCK 

The AD7576 can be used with either its own internal clock or 
with an externally applied clock. In either case, the clock signal 
appearing at the CLK pin is divided internally by two to provide 
an internal clock signal for the AD7576. A single conversion 
lasts for 20 input clock cycles (10 internal clock cycles). 

INTERNAL CLOCK 

Clock pulses are generated by the action of the external capacitor 
(Cclk) charging through an external resistor (Rclk) and dis¬ 
charging through an internal switch. When a conversion is 
complete, the internal clock stops operating. In addition to 
conversion, the internal clock also controls the automatic internal 
reset of the SAR. This reset occurs at the start of each conversion 
cycle during the first internal clock pulse. 


APPLICATION HINTS 

1. NOISE: Both the input signal lead to AIN, and the signal 
return lead from AGND should be kept as short as possible 
to minimize input-noise coupling. In applications where this 
is not possible, either a shielded cable or a twisted pair trans¬ 
mission line between source and ADC is recommended. 

Also, since any potential difference in grounds between the 
signal source and ADC appears as an error voltage in series 
with the input signal, attention should be paid to reducing 
the ground circuit impedance as much as possible. In general, 
the source resistance should be kept below 2kn. Larger 
values of source resistance can cause undesired system noise 
pickup. 

2. PROPER LAYOUT: Layout for a printed circuit board 
should ensure that digital and analog lines are kept separated 
as much as possible. In particular, care should be taken not 
to nm any digital track alongside an analog signal track. 
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Both the analog input and the reference input should be 
screened by AGND. A single point analog ground which is 
separate from the logic system ground should be established 
at or near the AD7576. This single point analog ground 
subsystem should be connected to the digital system ground 
by a single-track connection only. Any reference bypass 
capacitors, analog input filter capacitors or input signal shield¬ 
ing should be returned to the analog groimd point. 

3. OFFSET ERROR: Offset error adjustment in single-supply 
systems may be easily achieved by means of the offset null 
facility of an op-amp when used as a voltage follower for the 
analog input signal AIN (see Figure 13). The op-amp chosen 
should be able to operate from a single supply and allow a 
common-mode input voltage range that includes OV, e.g. 
TL091. To adjust for zero offset error the input signal source 
is set to + 4.8mV (i.e., Vi LSB) while the lOOkH potentiometer 
is varied imtil the ADC output code flickers between 000...00 
and 000....01. 

4. FULL-SCALE ADJUST: The full-scale or gain adjustment 
is made by forcing the analog input AIN to -f 2.445V (i.e., 
Full-Scale Voltage - 3/2 LSB). The magnitude of the reference 
voltage Vref is then adjusted until the ADC output code 
flickers between 111...10 and 111...11. 

5. REFERENCE CIRCUIT: Figure 14 shows how an AD589 
can be configured to produce a nominal reference voltage of 
+ 1.23V. 



Figure 13. Offset Adjust Circuit 


+ 5V 



MECHANICAL INFORMATION 
OUTLINE DIMENSIONS 

Dimensions shown in inches and (mm). 


18-PIN PLASTIC DIP (SUFFIX N) 18-PIN CERDIP (SUFFIX Q) 


18-PIN CERAMIC 



NOTES: 

1. LEAD NO. 1 IDENTIFIED BY DOT OR NOTCH. 

2. CERAMIC DIP LEADS WILL BE EITHER GOLD OR TIN PLATED IN 
ACCORDANCE WITH MIL-M-38510 REQUIREMENTS. 


NOTES: 

1 LEAD NO. 1 IDENTIFIED BY DOT OR NOTCH. 

2. CERAMIC DIP LEADS WILL BE EITHER GOLD OR TIN PLATED IN 
ACCORDANCE WITH MIL-M-38510 REQUIREMENTS. 


NOTES: 

1. LEAD NO. 1 IDENTIFIED BY DOT OR NOTCH. 

2. CERAMIC DIP LEADS WILL BE EITHER GOLD OR TIN PLATED IN 
ACCORDANCE WITH MlL-M-38510 REQUIREMENTS. 
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ANALOG 

DEVICES 


CMOS 

12-Bit Successive Approximation ADC 
“ AD7578 


FEATURES 

12-Bit Successive Approximation ADC 
No Missed Codes Over Full Temperature Range 
Low Total Unadjusted Error ±1LSB max 
High Impedance Analog Input 
Autozero Cycle for Low Offset Voltage 
Low Power, 75mW typ 
Small Size: 0.3", 24-Pin Package 
Conversion Time of lOOps 


GENERAL DESCRIPTION 

The AD7578 is a medium speed, monolithic 12-bit CMOS A/D 
converter which uses the successive approximation technique to 
provide a conversion time of lOOps. An auto-zero cycle occurs 
at the start of each conversion resulting in very low system 
offset voltages, typically less than lOOpV. The device is designed 
for easy microprocessor interf acing using st anda rd control signa ls; 
CS (decoded device address), RD (READ) and WR (WRITE). 

Conversion results are available in two bytes, 8LSBs and 4MSBs, 
over an 8-bit three state output bus. Either byte can be read 
first. Two converter busy flags are available to facilitate polling 
of the converter’s status. 

The analog input voltage range is OV to + 5V when using a 
reference voltage of -f- 5V. 



PRODUCT HIGHLIGHTS 

1. The AD7578 is a complete 12-bit A/D converter in a 24-pin 
package requiring only a few passive components and a voltage 
reference. 

2. Autozero cycle realizes very low offset voltages, typically 
lOOpV. 

3. Standard microprocessor control signals to allow easy inter¬ 
facing to most popular 8- and 16-bit microprocessors. 

4. Monolithic construction for increased reliability and small 
0.3", 24-pin package. 
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CDCriEirATinilC ffi»=+ 15 V,Vcc=+ 5 V.Vs=- 5 V,VMF=+ 5 JW 
OrEiiviriwfll lUlvO fctj(=14(Ndlz6xlBiiial,aMsp6cificaftkNisTnriQtoTn,a(Uii^^trtj^^^ 


Parameter 

AD7578KN* 

AD7578BD 

AD7578TD 

Units 

Conditions/Comments 

ACCURACY 






Resolution 

12 

12 

12 

Bits 


Total Unadjusted Error^ 

±1 

±l 

±1 

LSBmax 


Differential Nonlinearity 

±3/4 

±3/4 

±3/4 

LSBmax 

No missing codes guaranteed 

Full Scale Error (Gain Enror) 

±1/4 

±1/4 

±1/4 

LSBmax 

Full Scale TC is typically lppm/®C 

Offset Error 

±1/4 

±1/4 

±1/4 

LSBmax 

Offset Error TC is typically lppm/°C 

ANALOG INPUT 






Analog Input Range 

Oto +5 

Oto +5 

0 to + 5 

V 

Vref =+5.0V 

Cain) Input Capacitance 

8 

8 

8 

pFtyp 


Iains Input Leakage Current 





AIN;0to+5V 

+ 25°C 

10 

10 

10 

nAmax 


Tmiffi to Tmyif 

100 

100 

100 

nAmax 


REFERENCE INPUT 






Vref (For Specified Performance) 

+ 5 

+ 5 

+ 5 

V 

±5% 

Vref Range 

+ 4to +6 

+ 4to +6 

+ 4to +6 

V 

Degraded transfer accuracy 

Vref Input Reference Current 

1.0 

1.0 

1.0 

mAmax 

Vref=+5.0V 

POWER SUPPLY REJECTION 






VopOnly 

±1/8 

±1/8 

±1/8 

LSBtyp 

VDD= + 14.25Vto +15.75V 






> 

1 

li 

VssOnly 

±1/8 

±1/8 

±1/8 

LSBtyp 

Vss=-4.75V to-5.25V 






Vdd =+ 15V 

LOGIC INPUTS 






RD (Pin 16), CS (Pin 17), WR (Pin 18) 






BYSL(Pinl9) 






ViL Input Low Voltage 

+ 0.8 

+ 0.8 

+ 0.8 

Vmax 

Vcc=+5V±5% 

ViH Input High Voltage 

+ 2.4 

+ 2.4 

+ 2.4 

Vmin 


IiN Input Current 






+ 25‘’C 

±1 

±1 

±1 

(jiAmax 

ViN=0toVcc 

Trnin tO Tmair 

+ 10 

+ 10 

+ 10 

IxAmax 


CiK Input Capacitance^ 

10 

10 

10 

pFmax 


CLK(Pin21) 






ViL> Input Low Voltage 

+ 0.8 

+0.8 

+ 0.8 

Vmax 

Vcc=+5V±5% 

ViH> Input High Voltage 

+ 3.0 

+ 3.0 

+ 3.0 

Vmin 


IiL> Input Low Current 

±10 

±10 

±10 

IxAmax 


IiH> Input High Current 

+ 1.5 

+ 1.5 

+ 1.5 

mAmax 


LOGIC OUTPUTS 






DB0-DB7 (Pins 8~15), BUSY (Pin 20)^ 






VoL> Output Low Voltage 

+ 0.4 

+ 0.4 

+ 0.4 

Vmax 

Vrr; = + 5V ± 5%, I<!tnx = 1.6mA^ 

VoH> Output High Voltage 

+ 4.0 

+ 4.0 

+ 4.0 

Vmin 

Vcc == + 5V ± 5%, IsouRCE = 200|iA 

Floating State Leakage Current 






(Pins8~15) 

±1 

±1 

±1 

IxAmax 

VouT — OV to Vcc 

Floating State Output Capacitance 

15 

15 

15 

pFmax 


CONVERSION TIME^ 






With External Clock 

100 

100 

100 

^.smin 

fcLK= 140kHz 

With Internal Clock, Ta = + 25°C 

100/150 

100/150 

100/150 

)jLsmin/max 

Using recommended clock components 






as shown in Figure 6. 

POWER REQUIREMENTS^ 






Vdd 

+ 15 

+ 15 

+ 15 

VNOM 

± 5% for specified performance 

Vss 

-5 

-5 

-5 

VNOM 

± 5% for specified performance 

Vcc 

+ 5 

+ 5 

+ 5 

VNOM 

± 5% for specified performance 

Idd 

7.5 

7.5 

7.5 

mAmax 

Typically 4mA with Vdd = + 15V 

Iss 

7.5 

7.5 

7.5 

mAmax 

Typically 3mA with Vss = - 5V 

Icc 

100 

100 

100 

ftAtyp 

ViN=ViLorViH 


1.0 

1.0 

1.0 

mAmax 


Power Dissipation 

75 

75 

75 

mW typ 

WR = RD = CS = BUSY = Logic HIGH 


NOTES 

‘Temperature Range as follows:' AD7578KN;0to +70°C 

AD7578BD; - to + 85*C 
AD7578TD; - 55"C to + 125‘'C 
^Includes Full Scale Error, Offset Error and Relative Accuracy. 

^Sample t ested to ensure compliance. 

^IsiNK BUSY (pin 20) is 1.0 milliamp. 

^Conversion Time includes autozero cycle time. _ _ _ _ 

‘Power supply current is measured when AD7578 is inactive i.e., WR = RD = CS = BUSY=Logic HIGH. 
Specifications subject to change without notice. 
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TIMING SPECIFICATIONS' 


= +15V.Vcc= +5V,Vss= -5V, VBff= +5V) 


(AU Grades) 


(K & B Grades) (T Grade) 


t2(INT)2 

t2(EXT)2 

t3 

u 



Conditions/Comments 


CSt o WR Setup Time 
WR Pulse Width (Internal Clock Operation) 
WR Pulse Width (External Clock Operation) 
CS to WR Hold Time 

WRto BUSY Propagation Delay 
BUSY toCS Setup Time 
CSt o RD Setup Time 
RD Pulse Width 
CS to RD Hold Time 
BYSL to RD Setup Time 
BYSL to RD Hold Time 

RD to Valid Data (Bus Access Time) 

RD to Three State Output 
(Bus Relinquish Time) 


NOTES 

‘Timing Specifications are sample tested at + 25°C to ensure compliance. All input control signals are 
specified with t^ = tf = 20ns (10% to 90% of 4- 5 V) and timed from a voltage level of +1.6V. Data is timed from 
VohjVql- _ 

^When using an external clock source the WR pulse width must be extended to provide the minimum 
auto-zero cycle time of lOps. See “External Clock Operation”. 

^ti 1 is measured with the load circuits of Figure 3 and defined as the time required for an output to cross 0.8V or 2.4V. 
^ti 2 is defined as the time required for the data lines to change 0.5 V when loaded with the circuits of Figure 4. 
Specifications subject to change without notice. 



Figure 1. Start Cycle Timing 


THE TWO-BYTE CONVERSION RESULT CAN BE HEAD IN EITHER ORDER. FIGURE IS FOR LOW BYTE, HIGH BYTE ORDER. 
IF BYSL CHANGES WHILE CS & RD ARE LOW THE DATA WILL CHANGE TO REFLECT THE BYSL INPUT. 


Figure 2. Read Cycle Timing 



a. High-Z to Vqh b. High-Z to Vql 

Figure 3. Load Circuits for Access Time Test (tn) 


a. Vqh to High-Z b. Vql to High-Z 

Figure 4. Load Circuits for Output Float Delay Test (ti 2 ) 
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Absolute maximum ratings^ 

(Ta = +25°C unless otherwise stated) 

VDDtoDGND .. 

Vss to DGND. 

AGND to DGND. 

VcctoDGND ... 

Vref to AGND.. . 

AIN to AGND .. 

Digital Input Voltage to DGND 

(Pins 16-19,21) .. 

Digital Output Voltage to DGND 
(Pins 8-15, 20) .. 


. . . -0.3V, +17V 
. . . +0.3V, -TV 
-0.3V, Vref +0.3V 
-0.3V, Vdd +0.3V 
-0.3V, Vdd +0.3V 
-0.3V, Vdd +0.3V 

-0.3V, Vdd +0.3V 

-0.3V, Vdd +0.3V 


Operating Temperature Range 

KN ....... ..Oto +70°C 

BD . .... -25°Cto +85°C 

TD .-SS^Cto +125X 

Storage Temperature .-65°Cto +150®C 

Power Dissipation (any Package) 

to +75°C.. l,000mW 

Derate above + 75°C by . 10mW/®C 

^Stresses above those listed under “Absolute Ma ximum Ratings” may 
cause permanent damage to the device. This is a stress rating only and 
functional operation of the device at these or aiiy other conditions above 
those indicated in the operational sections of this specification is not 
implied. Exposure to absolute maximum rating conditions for extended 
periods may affect device reliability. 


CAUTION-^--—-- 

ESD (Electro-Static-Discharge) sensitive device. The digital control inputs are zener protect¬ 
ed; however, permanent damage may occur on unconnected devices subject to high energy 
electrostatic fields. Unused devices must be stored in conductive foam or shunts. The pro¬ 
tective foam should be discharged to the destination socket before devices are removed. 


WARNING! 


ESD SENSITIVE DEVICE 


ORDERING INFORMATION 


Temperature Range and Package 


Total Unadjusted Error 
(T„..toT—) 

Plastic 

Oto -b70*C 

Ceramic 
- 25*0 to -l-85°C 

Ceramic 

-55Xto-l-125X 

±1LSB 

AD7578KN 

AD7578BD 

AD7578TD 


PIN CONFIGURATION 



MECHANICAL INFORMATION 
OUTLINE DIMENSIONS 

Dimensions shown in inches and (mm). 

24.PIN PLASTIC (SUFFIX N) 




0.07(1.78) 0.02(0.5) 

0.05(1.27) 0.016(0.41) 


k- 

0.11(2.79) 

0.09(2.28) 


0.32(8.128) I 
0.30(7.62) “n 

-\l 



24-PIN CERAMIC (SUFFIX D) 




0.085 ±0.009 
(2.16 ±0.23) 

T 


0.300 ±0.010 
* (7,62 ±0.25) * 


_ 1.100 ±0.005 _ 

(27.94 ±0.13) 
TOLNONACCUM 
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PIN FUNCTION DESCRIPTION 


PIN 

MNEMONIC 

DESCRIPTION 

1 

CAZ 

Autozero Capacitor Input. Connect other side of capacitor to AGND. 

2 

AIN 

Analog Input 

3 

N/C 

No Connect pin 

4 

Vref 

Voltage reference input. The AD7578 is specified with Vref = + 5 .OV. 

5 

AGND 

Analog Ground 

6 

DGND 

Digital Ground 

7 

8-15 

Vcc 

Logic Supply. For Vcc = + 5V digital inputs and outputs are TTL compatible. 

Three state data outputs. They become active when CS & RD are brought low. Individual pin function 
is dependent upon the Byte Select (BYSL) input. 


DATA BUS OUTPUT, CS & RD = LOW 



BYSL = HIGH 

BYSL = LOW 

Pin 8 

BUSY* 

DB7 

Pin 9 

LOW^ 

DB6 

Pin 10 

LOW^ 

DB5 

Pin 11 

LOW^ 

DB4 

Pin 12 

DBl 1 (MSB) 

DB3 

Pin 13 

DBIO 

DB2 

Pin 14 

DB9 

DBl 

Pin 15 

DBS 

DBO(LSB) 


*BUSY (Pin 8) is a converter status flag and is HIGH during a conversion. 
^Pins 9-11 output a logic LOW when BYSL is HIGH. 

DBl 1-DBO are the 12-bit conversion results, DBl 1 is the MSB. 


16 RD 

17 ^ 

18 WR 

19 BYSL 

20 mm 

21 CLK 

22 N/C 

23 Vss 

24 Vdd 


READ input. This active LOW signal, in combination with CS, is used to enable the output data three- 
state drivers. 

CHI P SELECT Input. Decoded device address, active LOW. Used in combination with either RD or 
WR for control. 

WRITE Input. This active LOW signal, in combination with CS, is used to start a new conversion. 
When the AD7578 internal clock is used, th e mi nimum WR pulse width is t2 (INT). When an 
external clock source is used, the minimum WR pulse width mu st be extended to include the 
autozero cycle time. For external clock operation, the minimum WR pulse width is t2 (EXT). 

BYTE SELECT. This control input determines whether the high or low byte of data is placed on 
the output data bus during a data READ operation (CS & RD LOW). See description of pins 8- 
15. 

BUSY indicates converter status. BUSY is LOW during conversion, otherwise BUSY is held at a 
logic HIGH. 

CLOCK Input for intemal/extemal clock operation. 

Internal: Connect Rclk and Cclki/Q:lk 2 timing components. See Figure 6 and Figure 7. 

External: Connect external 74HC compatible clock source as shown in Figure 8. 

No connect pin. 

Negative supply, -5V. 

Positive supply, + 15V. 
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Operating Information 

OPERATIONAL DIAGRAM 

An operational diagram for the AD7578 is shown in Figure 5. 
The only passive components required are the autozero capacitor 
Caz and timing components Rclk> Cclki & Cclk2 for the 
internal clock oscillator. If the AD7578 is to be used with an 
external clock source, then only Caz is required. Individual pin 
fimctions are described in detail on the previous page. 



Figure 5. AD7578 Operational Diagram 


INTERNAL CLOCK OPERATION 

The clock circuitry for internal clock operation is shown in 
Figure 6 and the AD7578 operating waveforms are shown in 
Figure 7. 


Vcc, +5V 



Figure 6. Circuitry Required for Internal Clock Operation 



DECISION POINTS 


•tjMNT) IS THE MINIMUM WRITE PULSE WIDTH WHEN USING 
INTERNAL CLOCK. SEE TIMING SPECIFICATIONS. 


Figure 7. Operating Waveforms - Internal Clock 


Between conversions ( BUS Y = HIGH) the -^7578 is in the 
autozero cycle. When WR goes LOW (with ^ LOW) to start a 
new conversion, the autozero capacitor Caz charges to AIN - 
Vos where Vos is the input offset voltage of the autozero 
comparator. 

A minimum time of lOpis is required for this autozero cycle. In 
ap plicat ions using the internal clock oscillator, it is not necessary 
for WR to remain LOW for this period of time since it is auto¬ 
matically provided by the AD7578. This is achieved by switching 
a constant current load across the clock capacitors, Cclki and 
CcLK 2 > causing the voltage at the CLK input pin to slowly 
decay from Vcc* This occurs after WR returns HIGH. The 
Schmitt trigger circuit monitoring the voltage on the CLK input 
ends the autozero cycle when its LOW input trigger level is 
reached. At this point, the constant current load across the 
clock capacitors is removed allowing them to charge towards 
Vcc via Rclk* When the voltage at the CLK input reaches the 
HIGH trigger level, the constant current load is replaced across 
Cclki and Cclk2* The MSB decision is made when the LOW 
trigger level is reached. This cycle repeats itself 12 times to 
provide 12 clock pulses for the conversion cycle. The circuit 
arrangement of Figure 6 provides the relatively slow autozero 
cycle time at the beginning of a conversion while allowing the 
clock oscillator to speed up once the autozero cycle is complete. 

EXTERNAL CLOCK OPERATION 

For external clock operation Rclk> Cclki and Cclk2 are discarded 
and the CLK input i s driv en from a 74HC compatible clock 
source. The AD7578 WR pulse width must now be extended to 
provide the minimum autozero cycle time of 10^.s since this is 
no longer provided automatically by the AD7578. R eferr ing to 
the operating waveforms of Figure 9, the minimum WR pulse 
width when using an external clock source is I 2 (EX T). The CS 
input must now remain valid for the extended WR pulse width. 
One approach to stretching the available jjlP signals is shown in 
the general 8-bit |jlP interface circuit of Figure 20. It is not 
necessary to s ynchronize the external clock source with the 
extended WR pulse width, the MSB decision being made on the 
second falling edge of the clock input after the WR input returns 



Figure 8. External Clock Operation 



DECISION POINTS 

•tjlEXT) IS THE MINIMUM WRITE PULSE WIDTH WHEN USING 
EXTERNAL CLOCK. ^EE TIMING SPECIFICATIONS. 


Figure 9. Operating Waveforms - External Clock 
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READING DATA 

The 12-bit conversion data plus a converter status flag are available 
over an 8-bit wide data bus. Data is transferred from the AD7578 
in right-justified format (i.e., the LSB is the most right-hand bit 
in a 16-bit word). Two READ operations are required, the Byte 
Select (BYSL) input determining which byte-8 least signiflcant 
bits or 4 most significant bits plus status flag-is to be read first. 

Since the AD7578 uses the successive approximation register 
(SAR) to hold conversion results (refer to Fimctional Diagram), 
it is necessary to wait until a conversion is finished before reading 
valid 12-bit data. Executing a READ instruction (HIGH or 
LOW byte) to the AD7578 while a conversion is in progress 
will place the existing contents of the SAR onto the data bus. 
Three different approaches can ensure valid 12-bit data is available 
for reading. 

1. Insert a software delay greater than the ADC conversion time 
between the conversion start instruction and the data read 
instructions. 

2. At user-defined intervals after a conversion start instruction, 
poll the internal converter status flag, BUSY. This signal is 
available on pin 10 during a HIGH byte READ instruction 
and is the most left-hand bit in a 16-bit right-justified word. 
The status bit can be shifted into a microprocessor’s ac¬ 
cumulator-carry position for testing (BUSY is HIGH during 
conversion). 

3. Use the externally available BUSY (pin 20) signal as an interrupt 
to the microprocessor. This signal is LOW during a conversion 
and returns HIGH at conversion end. 

Executing a WRITE instruction to the AD7578 while a conversion 
is in progress will restart the conversion. 


COMPONENT SELECTION 

1. Autozero Capacitor, Caz 

The autozero capacitor must be a low leakage, low dielectric 
absorption type such as polystyrene, polypropylene or teflon. 
To minimize noise connect the outside foil of Caz to AGND 
(pin 5), the analog system ground. Caz should be 2,200pF. 

2. Clock Oscillator Components, Rclk> Cclki and Cclkz 
Clock pulses are generated by the action of series connected 
capacitors, Cclki and Cclk2 charging through an external 
resistor Rclk and discharging through an internal switch. 
Nominal conversion time versus temperature for the recom¬ 
mended Rclk and Cclki/Cclk2 combination is shown in 
Figure 10. Due to process variations, the actual operating 
frequency for this Rclk and Cclki/Cclk2 combination can 
vary from device to device by up to 20%. For this reason. 
Analog Devices recommends using an external clock in the 
following situations: 

a. Applications requiring a conversion time which is within 
20% of 100|jLS, the minimum conversion time for specified 
accuracy (a 140kHz clock frequency gives a lOOjxs con¬ 
version time). 

b. Applications which cannot accommodate conversion time 
differences which may occur due to unit clock frequency 
variations or temperature variations. 

It is possible to replace the fixed Rclk resistor with a 
50k potentiometer in series with a fixed 22kn resistor to 
allow individual adjustment of internal clock frequency in 
applications where 100|xs conversion times are required. 
Reducing the value of Rclk frotn 56k to 47k decreases 
the conversion time by typically 15jjls. 



Figure 10. Typical Conversion Time vs. Temperature Using 
Internal Clock 
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Applying the AD7578 

APPLYING THE AD7578 

The high input impedance of the analog input, AIN, allows 
simple analog interfacing. Zero to + 5V signal sources can be 
connected directly to the analog input without additional buffering 
for source impedances up to 5kft (see Figure 11). The input/output 
transfer characteristic and transition points for this input signal 
range are shown in Figure 12 and Table I respectively. The 
designed transition points on the AD7578 transfer characteristic 
occur on integer multiples of ILSB. The output code is Natural 
Binary with ILSB = (F.S.) (1/4096) = (5/4096)V = 1.22mV. 



Figure 11. Unipolar 0 to +5V Operation 



OV ILSB 2LSB 3LSB FS-2LSB FS-1LSB 

ANALOG INPUT, ANY CHANNEL 

Figure 12. Ideal Input/Output Transfer Characteristic for 
Unipolar Circuit of Figure 11 


Analog Input, Volts 

Digital Output 

0.00122 

000 001 

0.00244 

000 010 

T 2.49878 ' 

" oil 111 

2.50000 

100 000 

2.50122 

, 100 001 

r 4.99756 

111 110 

4.99878 

111 111 



Figure 13. Unipolar 0 to + 10V Operation 

Bipolar signal ranges of - 5V to + 5V are accommodated by 
referencing the resistor divider network to Vref as shown in 
Figure 14. With the resistor, values shown, the signal source 
must be capable of sinking 0.5mA. The input/output transfer 
characteristic and transition points for this ± 5V signal range are 
shown in Figure 15 and Table II respectively. The output code 
is Offset Binary with an LSB size of (F.S.)(l/4096) = (10/4096)V 
= 2.44mV. 

With an analog input (Vs) of - 1.22mV, the input offset voltage 
of A1 should be adjusted until the ADC output flickers between 
0111 nil nil and 1000 0000 0000. Alternatively the -1/2LSB 
signal offset can be included in the signal conditioning 
electronics. 



Figure 14. Bipolar -5V to + 5V Operation 



Table I. Transition Points for Unipolar Oto +5VOperation 

Signal ranges other than 0 to + 5V are easily accommodated by 
using resistor divider networks to produce 0 to + 5V signal 
ranges at the AD7578 input pins. Figure 13 shows a divider 
network to allow an input signal range of 0 to + lOV. The input 
resistors must be selected to match within 0.01% and should be 
the same type and from the same manufacturer so that their 
temperature coefficients match. Note that since the source im¬ 
pedance has not been included in the resistor divider ratio, it 
must now be as low as possible. For Figure 13 with a source 
impedance of 0.50 the maximum error across the network is 
approximately 0.5LSB. The LSB size is (F.S.)(1/4096) = 
(10/40%)V = 2.44mV. 


Figure 15. Ideal Input/Output Transfer Characteristic for 
Bipolar Circuit of Figure 14 


Analog Input, Volts 

Digital Output 

-4.99878 

X -4.99634 

T -0.00122 

+ 0.00122 

Ay 

y +4.99389 ' 

+ 4.99634 

000 001 

. 000 010 i 

' 100 000 T 

100 001 

* aj 

" ill 110 T 

111 111 


Table II. Transition Points for Bipolar -5Vto + 5V Operation 
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Applications 

Power Supply Decoupling: All power supplies to the AD7578 
should be bypassed with either 10p,F tantulum or electrolytic 
capacitors. To ensure good high frequency performance, each 
capacitor should be bypassed with an 0.01 pF disc ceramic 
capacitor. All capacitors should be placed as close as possible to 
the AD7578. 

Reference Circuit: Figure 16 shows how to configure an 
AD584LH to produce a reference voltage of 5.00V. R2 provides 
a typical adjustment range of ± 75mV. The AD584LH will 
contribute less than ILSB of gain error over the commercial 
temperature range. 


+ 15V 



Figure 16. AD584LH as Reference Generator 


Transient currents flow at the Vref input during a conversion. 
To avoid dynamic errors place a lOpF smoothing capacitor, 
either tantalum or electrolytic, in parallel with a 0.01 pF disc 
ceramic from the Vref pin to AGND. 


Proper Layout: Layout for a printed circuit board should ensure 
that digital and analog signal lines are separated as much as 
possible. In particular, care should be taken not to run any 
digital track alongside an analog signal track or close to the 
autozero capacitor. The analog inputs, the reference input and 
the autozero input should be screened by AGND. 

A single point analog ground separate from the logic system 
ground should be established at pin 5 (AGND) or as close as 
possible to the AD7578. This single point analog ground should 
be connected to the digital system ground, to which pin 6 (DGND) 
is connected, at one point only and as close to the AD7578 as 
possible. The autozero capacitor, bypass capacitors for the refer¬ 
ence input and the analog supplies, AIN common and any input 
signal screening should be returned to the analog ground point. 
Low impedance analog and digital power supply conmion returns 
are essential to low noise operation of the ADC and the foil 
width for these tracks should be as wide as possible. 

Noise: Input signal leads to AIN and signal return leads from 
AGND (pin 5) should be kept as short as possible to minimize 
input noise coupling. In applications where this is not possible, 
a shielded cable between source and ADC is recommended. 

Also since any potential difference in grounds between the signal 
source and ADC appears as an error voltage in series with the 
input signal, attention should be paid to reducing the ground 
circuit impedances as much as possible. 

In applications where the AD7578 data outputs are connected to 
a continuously busy (and noisy) microprocessor bus it is possible 
to get LSB errors in conversion results. These errors are due to 
feedthrough from the microprocessor bus to the autozero com¬ 
parator. The problem exists only for ceramic package versions 
of the AD7578, the electrically isolated metal lid acting like a 
conductor to distribute the digital noise aroimd the package. 

Grounding the lid to DGND eliminates this problem. Alternatively 
the AD7578 can be isolated from the microprocessor bus by 
means of three-state buffers. 


Microprocessor Interfacing 


MICROPROCESSOR INTERFACING 

When the AD7578 is used with its own internal clock oscillator, 
microprocessor interfacing is straightforward and requires at 
most a few external gates (see Figures 17 through 19, 21 and 
22). When the AD7578 is used with an external clock source, 
additional circuitry is required to extend the |jlP control signals 
(see Figure 20). 

MC6800, MC6809 and 6502 MICROPROCESSORS 

A typical interface to the AD7578 with any of the above micro¬ 
processors is shown in Figure 17. The decoder can be enabled 
high using VMA in 6800 systems or enabled low by NOR’ing 
<|>o and 4)2 in 6502 systems or by NOR’ing E and Q in 6809 
systems. Address line A2 of the 6800 has been tied to BYSL of 
the AD7578. Assuming the AD7578 is assigned a memory block 
starting at address 8000H, a write instruction to any address in 
this block will start a conversion. To read the conversion results. 


it is necessary only to bring control inputs CS and RD low. The 
BYSL input (tied to A2 of the jjlP) determines whether the data 
high or low byte is placed onto the 8-bit data bus. A read instruction 
to address 8000H will result in the low byte of data being transferred 
to the pP (BYSL = Low). Similarly a read instruction to any 
address having A2 HIGH and within the assigned memory 
block, e.g., 8004H, transfers the high byte of data to the |xP. 
The converter status flag BUSY can be polled at intervals to 
check whether the present conversion has finished and valid 
12-bit data is available. This is accomplished by the following 
instructions on the 6800: 

LDA A $8004 Load Flag from AD7578 
ASL A Shift Flag into Carry 

BCC FETCH Branch to Data Fetch 

Subroutine if BUSY is LOW 


NEW PRODUCTS - ICs 3-273 





Figure 17. AD7578 - MC6800, 6809, 6502 Interface 

8085A, Z80 MICROPROCESSORS 

A typical interface to either of these microprocessors is shown in 
Figure 18. Not shown in the figure is the 8-bit latch required to 
demultiplex the 8085A common address/data bus. This interface 
uses slightly different low-level address decoding than the previous 
interface. Address line AO of the pP has been tied to BYSL of 
the AD7578. This allows the 16-bit data move instructions on 
both the 8085A and the Z80 to be used when reading conversion 
results. Assuming the AD7578 is again assigned a memory 
block starting at address 8000H, a write instruction to any address 
in this block will start a conversion. The 12-bit conversion 
results can be read (low byte first then high byte) by a single 
read instruction; 

On the 8085A 

LHLD 8000 

moves the conversion results into register pair HL 

On the Z80 

LD BC, (8000) 

moves the conversion results into register pair BC 



Figure 18. AD7578 - 8085A, Z80 Interface 


MC68000, MC68008 2VUCROPROCESSOR 

Figure 19 shows an AD7578-MC68006/MC68008 interface. 
Address line A1 of the fjiP has been connected to BYSL of the 
AD7578. With the simple decoding logic shown in Figure 19, 
the AD7578 is decoded in a memory block from COOOH to 
FFFFH. A write instruction to any one of these addresses will 
start a conversion, i.e., 

MOVE. W DO $C004 

Stans a conversion. When the conversion is complete, the ^iP 
acquires the result by reading from the AD7578, i.e, 

MOVEP. W $000 (A2), DO 

This instruction places the conversion data in the DO register of 
the pP. Address register A2 should contain an odd-order address 
(having A1 high) for the AD7578, e.g., $C003. 



ADDRESS 

DECODE LOGIC 

A1-A19 

A14 < 

_ 

’AIB / 

/ ADDR BUS 


AS 


' '/// 


_L, 

BYSL 




RD 

R/W 




AD7578* 

WR 

MC68000 

MC68008 



.J □ 

DB0-DB7 

D0-D7 

DATA BUS ^ 

__/ 

•LINEAR CIRCUITRY OMITTED FOR CLARITY. 


AD7578 OPERATING ON INTERNAL CLOCK. 

Figure 19. AD7578 - MC68000/MC68008 Interface 

MICROPROCESSOR INTERFACE TO AD7578 WITH 
EXTERNAL CLOCK 

Figure 20 shows the additional circuitry generally required to 
interface an 8-bit jjlP to the AD7578 operating from an external 
clock source. During a write operation, the 74121 monostable 
(one-shot) is triggered to latch the low level on the CS input 
into the 7477, a 4-bit bistable latch. The monostable timing 
components (not shown in Figure 20) should be chosen to provide 
an output pulse width corresponding to tz (EXT), the minimum 
autozero cycle time. To avoid any possibility of spurious triggering, 
the monostable should be enabled by a valid memory address 
signal. During a data read cycle, the 7477 latch is transparent 
and data is read normally. Note that the piP write and read 
cycle times are unaffected by the interface circuitry. 
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' AD7578 OPERATING WITH EXTERNAL CLOCK. 

Figure 20. Interface to AD7578 Using External Clock 

8088, 8086 MICROPROCESSORS 

Figure 21 shows an AD7578-8088 interface. 

Address line AO of the V-P is connected to BYSL of the AD7578. 
With the simple decoding shown in Figure 21 the AD7578 is 
decoded in a memory block from 4000H to 7FFFH. 

A write instruction to any one of these addresses will start a 
conversion, i.e, 

MOV 4004, AX 

starts a conversion. When the conversion is finished the 8088 
acquires the result by reading from the AD7578, i.e., 

MOV AX, 4000 

places the conversion data in the accumulator. 


Figure 22 shows an AD7578-8086 interface. Address line A1 of 
the p.P is connected to BYSL of the AD7578. The AD7578 is 
again decoded in a memory block from 4000H to 7FFFH. 

A write instruction to any one of these addresses will start a 
conversion, i.e, 

MOV 4008, AX 

starts a conversion. When the conversion is finished, the 8086 
acquires the result by reading from the AD7578 in two read 
cycles, i.e., 

MOV AL, 4000 
MOV AH, 4002 

places the conversion data in the accumulator. 



Figure 22. AD7578 - 8086 Interface 
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AD7578-AD585 SAMPLE-HOLD INTERFACE 
Figure 23 shows an AD585 Sample-Hold Amplifier driving the 
analog input of the AD7578. At a sampling frequency of 8kHz 
the maximum input signal frequency is 4kHz. The AD7578 is 
configured for bipolar operation to allow £ui input signal swing 
of ± 5V. No clock components are shown for the AD7578 but 
the conversion time should be adjusted for 100 microseconds. 
With an external hold capacitor of lOOpF, the acquisition time 
for the sample-hold amplifier is 10 microseconds. The circuit 
operates from 0®C to +70°C. 

To take a sample of the input, a WRITE instruction is execute d 
to the AD7578 control inputs. The converter busy flag, BUSY, 
is driven low indicating that a conversion is in progress. The 


falling edge of this BUSY signal places the sample-hold amplifier 
into the HOLD mode “freezing*’ the input signal to the A D7578. 
After 100 microseconds the conversion is finished and the BUSY 
signal is brought high. This allows a time of 25 microseconds 
for the AD585 to come out of the hold mode and acquire the 
input signal in time for the next sample. Between the end of 
one conversion and the start of the next, the conversion results 
must be read from the converter. 

Careful circuit layout and power supply decoupling are necessary 
to obtain maximum performance from the system. Decoupling 
capacitors in the diagram are all IOjjlF electroytics in parallel 
with 0.01 |xF disc ceramics. 
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ANALOG 

DEVICES 


CMOS 12-Bit 
Successive Approximation ADC 


AD7S82 


FEATURES 

12-Bit Successive Approximation ADC 
Four High Impedance Input Channels 
Analog Input Voltage Range of 0 to + 5V with Positive 
Reference of + 5V 

Conversion Time of lOOps per Channel 
No Missed Codes Over Full Temperature Range 
Low Total Unadjusted Error ±1LSB max 
Autozero Cycle for Low Offset Voltage 
Monolithic Construction 


GENERAL DESCRIPTION 

The AD7582 is a medium speed, 4-channel 12-bit CMOS A/D 
converter which uses the successive approximation technique to 
provide a conversion time of lOOps per channel. An auto-zero 
cycle occurs at the start of each conversion resulting in very low 
system offset voltages, typically less than lOOpV. The device is 
designed for easy microprocessor inte rface using st andar d co ntrol 
signals; C S (decoded device address), RD (READ) and WR 
(WRITE). The 4-channel input multiplexer is controlled via 
address inputs AO and Al. 

Conversion results are available in two bytes, SLSB’s and 4MSB’s, 
over an 8-bit three state output bus. Either byte can be read 
first. Two converter busy flags are available to facilitate polling 
of the converter’s status. 

The analog input voltage range is OV to + 5V when using a 
reference voltage of + 5V. The four analog inputs are all high 
impedance inputs with tight channel-to-channel matching- 
typically O.lLSBs. 


AD7582 FUNCTIONAL BLOCK DIAGRAM 


Caz Vdd Vss Vcc 



PRODUCT HIGHLIGHTS 

1. The AD7582 is a complete 4 channel 12-bit A/D converter in 
a 28-pin package requiring only a few passive components 
and a voltage reference. 

2. Autozero cycle realizes very low offset voltages, typically 
100M.V. 

3. The four channel input multiplexer (user addressable) features 
high input impedance and excellent channel-to-channel 
matching. 

4. Standard microprocessor control signals to allow easy inter¬ 
facing to most popular 8- and 16-bit microprocessors. 
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CDtririPATiriMC Wi,n=+15V,Vcc=+5V.Vss=-5V,VRtF=+5.0V 
Or uUiriUHl lUWo fcm=14(W<Hzextenial, all specificationsTnjntoTna,unlessothewisenoN). 


Parameter 

AD7582KN* 

AD7582BD 

AD7582TD 

Units 

Conditions/Comments 

ACCURACY 






Resolution 

12 

12 

12 

Bits 


Total Unadjusted Erroi^ 

±1 

± 1 

± 1 

LSBmax 

Ail channels, AIN0-AIN3 

Differential Nonlinearity 

±3/4 

±3/4 

±3/4 

LSBmax 

No missing codes guaranteed 

Full Scale Error (Gain Error) 

±1/4 

±1/4 

±1/4 

LSBmax 

All channels, AIN0-AIN3 

Full Scale TC is typically 5ppm/°C 

Offset Error 

±1/4 

±1/4 

±1/4 

LSBmax 

All channels, AIN0-AIN3 

Offset Error TC is typically 5ppm/°C 

Channel to Channel Mismatch 

±1/4 

±1/4 

±1/4 

LSBmax 


ANALOG INPUTS 






Analog Input Range 

Oto+5 


Oto +5 

V 

Vref=+5.0V 

GaiN) On Channel Input Capacitance 

Iain) Input Leakage Current 

8 


8 

liFtyp 

AIN0-AIN3;0to +5V 

+ 25^ 

10 


10 

nAmax 


Tmin to Tfinflit 

100 


100 

nAmax 


REFERENCE INPUT 






Vref (For Specified Performance) 

+ 5 

+ 5 

+ 5 

V 

±5% 

Vref Range 

+ 4 to + 6 

+ 4to +6 

+ 4to +6 

V 

Degraded transfer accuracy 

Vref Input Reference Current 

1.0 

1.0 

1.0 

mAmax 

Vref= +5.0V 

POWER SUPPLY REJECTION 






VoDOnly 

±1/8 

±1/8 

±1/8 

LSBtyp 

VDD=+14.25Vto +15.75 V 

Vss=-5V 

VssOnly 

±1/8 

±1/8 

±1/8 

LSBtyp 

Vss= -4.75Vto-5.25V 

Vdd=+15V 

LOGIC INPUTS 






RD (Pin 18), CS (Pin 19), WR (Pin 20) 
BYSL (Pin 21), AO (Pin 24), A1 (Pin 25) 






ViL Input Low Voltage 

+ 0.8 



Vmax 

Voc= +5V ±5% 

ViH Input High Voltage 

IiN Input Current 

+ 2.4 

+ 2.4 

+ 2.4 

Vmin 


4-25°C 

± 1 

±1 

±1 

IxAmax 

ViN = 0toVcc 

T,^toT^ 

+ 10 



IxAmax 


CiN Input Capacitance^ 

CLK(Pin23) 

10 

10 

10 

pF max 


ViL> Input Low Voltage 

+ 0.8 



Vmax 

Vcc=+5V±5% 

ViH, Input High Voltage 

+ 3.0 


+ 3.0 

Vmin 


IiL> Input Low Current 

±10 


±10 

(xAmax 


IiH> Input High Current 

+ 1.5 

+ 1.5 

+ 1.5 

mAmax 


LOGIC OUTPUTS 






DB(V-DB7 (Pins 10-17), BUSY (Pin 22)^ 





Vec = + 5V ± 5%, IsiNK = 1.6mA'‘ 

VoL> Output Low Voltage 

+ 0.4 

+ 0.4 

+ 0.4 

Vmax 

VoH> Output High Voltage 

Floating State Leakage Current 

+ 4.0 

+ 4.0 

+ 4.0 

Vmin 

Vec “ 5V ± 5%, IsouRCE — 200(xA 

(Pins 10-17) 

± 1 

±1 

+1 

p,Amax 

VouT= 0 V to Vec 

Floating State Output Capacitance 

15 

15 

15 

pF max 


CONVERSION TIME^ 






With External Clock 

100 

100 

100 

ixsmin 

fcLK= 140kHz 

With Internal Clock, Ta = + 25°C 

100/150 

100/150 

100/150 

p,s min/max 

Using recommended clock components 
as shown in Figure 6. 

POWER REQUIREMENTS® 






Vdd 

+ 15 

+ 15 

+ 15 

VNOM 

± 5% for specified performance 

Vss 

-5 

-5 

-5 

VNOM 

± 5% for specified performance 

Vex: 

+ 5 

+ 5 

+ 5 

VNOM 

± 5% for specified performance 

Idd 

7.5 

7.5 

7.5 

mAmax 

Typically 4mA with Vdd = + 15V 

Iss 

7.5 

7.5 

7.5 

mAmax 

Typically 3mA with Vss = - 5V 

Icc 

100 


100 

jiAtyp 

ViN = ViLorViH 


1.0 

1.0 

1.0 

mAmax 


Power Dissipation 

75 

75 

75 

mWtyp 

WR = RD= CS= BUSY= Logic HIGH 


NOTES 

'Temperature Range as follows: AD7582KN; 0 to +70°C 

AD7582BD; -25°Cto +85“C 
AD7582TD; -55“C to+ 125°C 
^Includes Full Scale Error, Offset Error and Relative Accuracy. 
^Sample t ested to ensure compliance. 

^IsiNK for BUSY (pin 22) is 1.0 milliamp. 

^Conversion Time includes autozero cycle time. 

^Pow e r su pply cu rrent i s measured when AD7582 is inactive i.e., 
WR = RD = CS = BUSY = Logic HIGH. 

Specifications subject to change without notice. 
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TIMING SPECIFICATIONS^ (»„=+iw.v„=+5v.vss=-5v.v^=+5v) 


Parameter 

Limit at +25®C 
(All Grades) 

Limit atT„*„T^ 
(K&B Grades) 

Limit at 

(T Grade) 

Units 

Conditions/Comments 

t\ 

0 

0 

0 

ns min 

CS to WR Setup Time 

t2(INT)2 

200 

240 

280 

ns min 

WR Pulse Width (Internal Clock Operation) 

t2(EXT)^ 

10 

10 

10 

ixsmin 

WR Pulse Width (External Clock Operation) 

t3 

0 

0 

0 

ns min 

CS to WR Hold Time 

u 

130 

160 

200 

nstYP 



200 

250 

300 

ns max 

WR to BUSY Propagation Delay 

t5 

0 

0 

0 

ns min 

AO, A1 Valid to Setup Time 

t6 

20 

20 

20 

ns min 

AO, A1 VaUd to WR Hold Time 

t7 

0 

0 

0 

ns min 

BUSY to CS Setup Time 

tg 

0 

0 

0 

ns min 

^ to RD Setup Time 

t9 

200 

240 

280 

ns min 

RD Pulse Width 

tio 

0 

0 

0 

ns min 

CS to RD Hold Time 

til 

50 

50 

50 

nsmin 

BYSL to RD Setup Time 

tl2 

0 

0 

0 

nsmin 

BYSL to RD Hold Time 

tl3^ 

150 

180 

200 

nstyp 



200 

240 

280 

ns max 

RD to Valid Data (Bus Access Time) 

tl/ 

20 

20 

20 

nsmin 

RD to Three State Output 


130 i 

160 

180 

ns max 

(Bus Relinquish Time) 


NOTES 

'Timing Specifications are sample tested at + 2S°C to ensure compliance. All input control signals are 
specified with tr = tf = 20ns (10% to 90% of + 5V) and timed from a voltage level of +1.6V. Data is timed from 
ViH> ViLOrVoHj VoL- _ 

^When using an external clock source the WR pulse width must be extended to provide the minimum 
auto-zero cycle time of 10p,s. See “External Clock Operation”. 

^ti 3 is measured with the load circuits of Figure 3 and defined as the time required for an output to cross 0.8 V or 2.4V. 
''ti 4 is defined as the time required for the data lines to change 0.5 V when loaded with the circuits of Figure 4. 
Specifications subject to change without notice. 



BUSY (PIN 22) 

CS (PIN 19) 

RD (PIN 18) 

BYTE SELECT 
(PIN 21) 

DATA 

(PINS 10-17) 




THE TWO-BYTE CONVERSION RESULT CAN BE READ IN EITHER ORDER. FIGURE IS FOR LOW BYTE, HIGH BYTE ORDER. 
IF BYSL CHANGES WHILE CS & RD ARE LOW THE DATA WILL CHANGE TO REFLECT THE BYSL INPUT. 


Figure 1. Start Cycle Timing 


Figure 2. Read Cycle Timing 


5V 



a. High-Z to Vqh b. High-Z to Vql 

Figure 3. Load Circuits for Access Time Test (tjs) 


f 


lOpF 

DGIMD 


Vd 

a. VoH to High-Z b. Vql to High-Z 

Figure 4. Load Circuits for Output Float Delay Test (tu) 
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ABSOLUTE MAXIMUM RATINGS^ 

(Ta = + 25°C unless otherwise stated), 


VoDtoDGNO.. . . . 

Vss to DGND.. . . 

AGND to DGND. 

Vcc to DGND . 

Vref to AGND.. 

AIN (0-3) to AGND . 

Digital Input Voltage to DGND 

(Pins 18-21, 23-25). 

Digital Output Voltage to DGND 
(Pins 10-17, 22). 


. . . -0.3V, +17V 
. . . +0.3V, -7V 
-0.3V, Vref +0.3V 
-0.3V, Vdd +0.3V 
-0.3V, Vdd +0.3V 
-0.3V, Vdd +0.3V 


-0.3V, Vdd +0.3V 
-0.3V, Vdd +0.3V 


Operating Temperature Range 

KN . ,. 

BD. 

TD... 

Storage Temperature . ... . 
Power Dissipation (any Package) 

to +75‘’C .. 

Derate above + 75°C by . . 


. . . 0 to + 70®C 
-25‘’Cto +85°C 
-55Xto +125X 
-65°C to + 150°C 

. . . . l,000mW 
. . . . lOmW/X 


^Stresses above those listed under “Absolute Maximum Ratings” may 
cause permanent damage to the deyice. This is a stress rating only and 
functional operation of the device at these or any other conditions above 
those indicated in the operational sections of this specification is not 
implied. Exposure to absolute maximum rating conditions for extended 
periods may affect device reliability. 


CAUTION —-—-^^- 

ESD (Electro-Static-Discharge) sensitive device. The digital control inputs are zener protect¬ 
ed; however, permanent damage may occur on unconnected devices subject to high energy 
electrostatic fields. Unused devices must be stored in conductive foam or shunts. The pro¬ 
tective foam should be discharged to the destination socket before devices are removed. 



ORDERING INFORMATION 



Temperature Range and Package 

Total Unadjusted Error 

Plastic 

Ceramic 

Ceramic 

(T..y„toT„.^ 

Oto +70X 

-25Xto +85X 

-55Xto+125X 

±1LSB 

AD7582KN 

AD7582BD 

AD7582TD 


PIN CONFIGURATION 


CAZ [T 

• 

ill 

AIN 0 [T 



AIN 1 [T 


N/C 

AIN 2 [T 


3 A1 

AIN 3 

AD7582 

IT] AO 

Vne. E 

TOP VIEW 
(Not to Scale) 

^3] CLK 

AGND [E 


bDsy 

DGND E 


~Ti\ bysl 

Vcc E 


^ WR 

DB7 E 


cs 

DB6 E 


RD 

DBS E 


171 dbo (L 

DB4 E 


Is] DB1 

DBS E 


Is] DB2 


MECHANICAL INFORMATION 

Dimensions shown in inches and (mm). 

28-PIN PLASTIC DIP (SUFFIX N) 



LEADS ARE SOLDER OR TIN PLATED KOVAR OR ALLOY 42 

28-PIN CERAMIC DIP (SUFFIX D) 


0.17 

14.32) 

MAX 


r 



0.60 (15.24) 
0.568(14.43) 

1 

1™” 

1.418 (36.02) 

1 LJ l_l L_J l_J 


1.38(35.06) 






0.012 (0.305) 

1 0.606 (15.4) 

^ 0.008 (0.203) 

1 '* 0.58 (14.74) 


LEADS ARE GOLD PLATED (50 MICROINCHES MIN) KOVAR OR ALLOY 42 
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PIN FUNCTION DESCRIPTION 


MNEMONIC 

CAZ 

AINO 

AINl 

AIN 2 

AIN 3 

VreF 

AGND 

DGND 

Vcc 


DESCRIPTION 

Autozero Capacitor Input. Connect other side of capacitor to AGND. 

Analog Input, channel 0 
Analog Input, channel 1 
Analog Input, channel 2 
Analog Input, channel 3 

Voltage reference input. The AD7582 is specified with Vref = + 5.0V. 

Analog Ground 
Digital Ground 

Logic Supply. For Vcc = + 5V digital inputs and outputs are TTL compatible. 

Three state data outputs. They become active when CS & RD are brought low. Individual pin function 
is dependent upon the Byte Select (BYSL) input. 

DATA BUS OUTPUT, ^&RD = LOW 



BYSL = HIGH 

BYSL = LOW 

Pin 10 

BUSY' 

DB7 

Pin 11 

LOW^ 

DB6 

Pin 12 

LOW^ 

DBS 

Pin 13 

LOW^ 

DB4 

Pin 14 

DBl 1 (MSB) 

DB3 

Pin 15 

DBIO 

DB2 

Pin 16 

DB9 

DBl 

Pin 17 

DBS 

DBO(LSB) 


'BUSY (Pin 10) is a converter status flag and is HIGH during a conversion. 

^Pins 11-13 output a logic LOW when BYSL is HIGH. 

DBl 1-DBO are the 12-bit conversion results, DBl 1 is the MSB. 

READ input. This active LOW signal, in combination with CS, is used to enable the output data three- 
state drivers. 

CHI P SELECT Input. Decoded device address, active LOW. Used in combination with either RD or 
WR for control. 

WRITE Input. This active LOW signal, in combination with CS ,is u sed to start a new conversion on a selected 
channel. When the AD7582 intern al clo ck is used, the minimum WR pulse width is t2 (INT). When an external 
clock source is used, the minimiun WR pulse width must be extended to include the autozero cycle time. 

For external clock operation, the minimum WR pulse width is t2 (EXT). 

BYTE SELECT. This control inputdete rmin es whether the high or low byte of data is placed on the output data 
bus during a data READ operation (CS & RD LOW). See description of pins 10-17. 

BUSY indicates converter status. BUSY is LOW during conversion, otherwise BUSY is held at a logic HIGH. 
CLOCK Input for internal/external clock operation. 

Internal: Connect Rclk and Cclki/Cclk 2 timing components. See Figure 6 and Figure 7. 

External: Connect external 74HC compatible clock source as shown in Figure 8. 

Address Input AO. See pin 25 description. 

Address Input A1. Address inputs AO and A1 select the input channel to be converted. The address input 


A1 

AO 

CHANNEL SELECTED 

0 

0 

AINO 

0 

1 

AINl 

1 

0 

AIN 2 

1 

1 

AIN 3 


26 

N/C 

No connect pin. 

27 

Vss 

Negative supply, - 5V. 

28 

Vdd 

Positive supply, + 15V. 
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Operating Information 

OPERATIONAL DIAGRAM 

An operational diagram for the AD7582 is shown in Figure 5. 
The only passive components required are the autozero capacitor 
Caz and timing components Rclkj Cclki & Cclk2 for the 
internal clock oscillator. If the AD7582 is to be used with an 
external clock source, then only Caz is required. Individual pin 
functions are described in detail on the previous page. 



Figure 5. AD7582 Operational Diagram 


INTERNAL CLOCK OPERATION 

The clock circuitry for internal clock operation is shown in 
Figure 6 and the AD7582 operating waveforms are shown in 
Figure 7. 



Figure 6. Circuitry Required for Internal Clock Operation 




L AUTOZERO I 
CYCLE TIME-^ 


AUTOZERO CYCLE 


■t 11111 t'ft nil- 


DECISION POINTS 

*t2(INT) IS THE MINIMUM WRITE PULSE WIDTH WHEN USING 
INTERNAL CLOCK. SEE TIMING SPECIFICATIONS. 


Figure 7. Operating Waveforms - Internal Clock 


Between conversions ( BUS Y = HIGH) the ^7582 is in the 
autozero cycle. When WR goes LOW (with CS LOW) to start a 


new conversion, the input multiplexer is switched to the selected 
channel N, via address inputs AO, Al. The autozero capacitor 
Caz now charges to AIN N-Vos where Vos is the input offset 
voltage of the autozero comparator. 

A minimum time of 10|xs is required for this autozero cycle. In 
app licat ions using the internal clock oscillator, it is not necessary 
for WR to remain LOW for this period of time since it is auto¬ 
matically provided by the AD7582. This is achieved by switching 
a constant current load across the clock capacitors, Cclki and 
CcLK 2 > causing the voltage at the CLK input pin to slo wly 
decay from Vcc- This occurs after WR returns HIGH; WR 
returning HIGH also latches the multiplexer address inputs AO, 
Al (see Figure 7). The Schmitt trigger circuit monitoring the 
voltage on the CLK input ends the autozero cycle when its 
LOW input trigger level is reached. At this point, the constant 
current load across the clock capacitors is removed allowing 
them to charge towards Vcc via Rclk- When the voltage at the 
CLK input reaches the HIGH trigger level, the constant current 
load is replaced across Cclki and Cclk2- The MSB decision is 
made when the LOW trigger level is reached. This cycle repeats 
itself 12 times to provide 12 clock pulses for the conversion 
cycle. The circuit arrangement of Figure 6 provides the relatively 
slow autozero cycle time at the beginning of a conversion while 
allowing the clock oscillator to speed up once the autozero cycle 
is complete. 

EXTERNAL CLOCK OPERATION 

For external clock operation Rclk> Cclki and Cclk2 are discarded 
and the CLK input i s driv en from a 74HC compatible clock 
source. The AD7582 WR pulse width must now be extended to 
provide the minimum autozero cycle time of 10^JLS since this is 
no longer provided automatically by the AD7582. R eferr ing to 
the operating waveforms of Figure 9, the minimum WR pulse 
width when using an external clock source is t 2 (EXT). Multiplexer 
address inputs AO and Al, in ad dition to the CS input must 
now remain valid for the external WR pulse width. One approach 
to stretching the available fiP signals is shown in the general 8- 
bit |i.P interface circuit of Figure 20. It is not necess ary to syn¬ 
chronize the external clock source with the extended WR pulse 
width, the MSB decision b eing made on the second falling edge 
of the clock input after the WR input returns HIGH. 


74HC COMPATIBLE 

. 


CLOCK SOURCE, 

-(23) CLK 1 

fcLK = 140kH2 


AD7582 


Vdgnd 

__ i 


Figure 8. External Clock Operation 


WR ' 

■m -tzIEXT)*-^ 

r -//- 

::x: 

! 

LXZ 

BUSY ' 

_rL 

AUT 



MINIMUM AUTOZERO 
—-CYCLE TIME'- ^ 

nj^ 

OZERO CYCLE _ 

// 

V 

XTLnJlTTJTJl 

i 1 * 1 AUTOZERO 

1 f t t— 

DB11 DB10 DB1 DBO 


(MSB) (LSB) 


DECISION POINTS 

•tilEXT) IS THE MINIMUM WRITE PULSE WIDtH WHEN USING 
EXTERNAL CLOCK. SEE TIMING SPECIFICATIONS. 


Figure 9. Operating Waveforms - External Clock 
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READING DATA 

The 12-bit conversion data plus a converter status flag are available 
over an 8-bit wide data bus. Data is transferred from the AD7582 
in right-justified format (i.e., the LSB is the most right-hand bit 
in a 16-bit word). Two READ operations are required, the Byte 
Select (BYSL) input determining which byte--8 least significant 
bits or 4 most significant bits plus status flag-is to be read first. 

Since the AD7582 uses the successive approximation register 
(SAR) to hold conversion results (refer to Functional Diagram), 
it is necessary to wait until a conversion is finished before reading 
valid 12-bit data. Executing a READ instruction (HIGH or 
LOW byte) to the AD7582 while a conversion is in progress 
will place the existing contents of the SAR onto the data bus. 
Three different approaches can ensiure valid 12-bit data is available 
for reading. 

1. Insert a software delay greater than the ADC conversion time 
between the conversion start instruction and the data read 
instructions. 

2. At user-defined intervals after a conversion start instruction, 
poll the internal converter status flag, BUSY. This signal is 
available on pin 10 during a HIGH byte READ instruction 
and is the most left-hand bit in a 16-bit right-justified word. 
The status bit can be shifted into a microprocessor’s ac¬ 
cumulator-carry position for testing (BUSY is HIGH during 
conversion). 

3. Use the externally available BUSY (pin 22) signal as an interrupt 
to the microprocessor. This signal is LOW during a conversion 
and returns HIGH at conversion end. 

Executing a WRITE instruction while conversion is in progress 
will restart the conversion. 


COMPONENT SELECTION 

1. Autozero Capacitor, Caz 

The autozero capacitor must be a low leakage, low dielectric 
absorption type such as polystyrene, polypropylene or teflon. 
To minimize noise connect the outside foil of Caz to AGND 
(pin 7), the analog system ground. Caz should be 2,200pF. 

2. Clock Oscillator Components, Rclkj Cclki and Cclk2 
Clock pulses are generated by the action of series connected 
capacitors, Cclki and Cclk2 charging through an external 
resistor Rclk and discharging through an internal switch. 
Nominal conversion time versus temperature for the recom¬ 
mended Rclk and Cclki/Cclk2 combination is shown in 
Figure 10. Due to process variations, the actual operating 
frequency for this Rclk and Cclki/Cclk2 combination can 
vary from device to device by up to 20%. For this reason. 
Analog Devices recommends using an external clock in the 
follovidng situations: 

a. Applications requiring a conversion time which is within 
20% of lOOp^s, the minimum conversion time for specified 
accuracy (a 140kHz clock frequeucy gives a 100)xs con¬ 
version time). 

b. Applications which cannot accommodate conversion time 
differences which may occiu- due to unit clock frequency 
variations or temperamre variations. 

It is possible to replace the fixed Rclk resistor with a 
50k potentiometer in series with a fixed 22kn resistor to 
allow individual adjustment of internal clock frequency in 
appUcations where 100|jls conversion times are required. 
Reducing the value of Rclk from 56k to 47k decreases 
the conversion time by typically 15|jls. 



Figure 10. Typical Conversion Time vs. Temperature Using 
Internal Clock 
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Applying the AD7582 

APPLYING THE AD7582 

The high input impedance of the analog channels, AIN0-AIN3, 
allows simple analog interfacing. Zero to + 5V signal sources 
can be connected directly to the analog input channels without 
additional buffering for source impedances up to Skfl (see Figure 
11). The input/output transfer characteristic and transition points 
for this input signal range are shown in Figure 12 and Table I 
respectively. The designed transition points on the AD7582 
transfer characteristic occur on integer multiples of ILSB. The 
output code is Natural Binary with ILSB = (F.S.) (1/4096) = 
(5/4096)V = 1.22mV. 



ONLY CHANNEL 0 SHOWN 



OV ILSB 2LSB 3LSB FS-2LSB FS-1LSB 


ANALOG INPUT, ANY CHANNEL 

Figure 12. Ideal Input/Output Transfer Characteristic for 
Unipolar Circuit of Figure 11 


Analog Input, Volts 

Digital Output 

0.00122 

J..0.00244 

T'2.49878 ' 

2.50000 

2.50122 

A' r 

r4.99756 ' 

1 4.99878 

000 001 
^ 000 010 

^ on 111 

100 000 

100 001 

n 

K 111 no ' 

1 111 111 


Table I. Transition Points for Unipolar Oto -i-5VOperation 

Signal ranges other than 0 to + 5V are easily accommodated by 
using resistor divider networks to produce 0 to + 5V signal 
ranges at the AD7582 input pins. Figure 13 shows a divider 
network on channel 0 to allow an AIN 0 signal range of 0 to 
■f lOV. The input resistors must be selected to match within 
0.01% and should be the same type and from the same man> 
ufacturer so that their temperature coefficients match. Note that 
since the source impedance has not been included in the resistor 
divider ratio, it must now be as low as possible. For Figure 13 
with a source impedance of O.SH the maximum error across the 
network is approximately 0.5LSB. The LSB size is (F.S.Xl/4096) 
= (10/4096)V = 2.44mV. 



Figure 13. Unipolar 0 to + 10V Operation 

Bipolar signal ranges of - 5V to + 5V are accommodated by 
referencing the resistor divider network to Vref as shown in 
Figure 14 for channel 0. With the resistor values shown, the 
signal source must be capable of sinking O.SmA. The input/output 
transfer characteristic and transition points for this ± 5V signal 
range are shown in Figure 15 and Table II respectively. The 
output code is Offset Binary with an LSB size of (F.S.)(l/4096) 
= (10/4096)V = 2.44mV. 

With an analog input (Vs) of - 1.22mV, the input offset voltage 
of A1 should be adjusted until the ADC output flickers between 
0111 nil nil and 1000 0000 0000. Alternatively the - 1/2LSB 
signal offset can be included in the signal conditioning elec¬ 
tronics. 



Figure 14. Bipolar -5Vto +5V Operation 



ANALOG INPUT, ANY CHANNEL 


Figure 15. Ideal Input/Output Transfer Characteristic for 
Bipolar Circuit of Figure 14 


Analog Input, Volts 

Digital Output 

-4.99878 

X -4.9%34 

r-0.00122 n 

X -1-0.00122 J 

r-H 4.99389 1 

1 +4.9%34 

000 001 

/ 000 010 X 

' 100 000 Y 

L 100 001 X 

r 111 no f 

1 111 111 1 


Table II. Transition Points for Bipolar - 5V to -hSV Operation 
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Applications 

Power Supply Decoupling: All power supplies to the AD7582 
should be bypassed with either 10|xF tantulum or electrolytic 
capacitors. To ensure good high frequeiicy performance, each 
capacitor should be bypassed with an 0.01 p,F disc ceramic 
capacitor. All capacitors should be placed as close as possible to 
the AD7582. 

Reference Circuit: Figure 16 shows how to configure an 
AD584LH to produce a reference voltage of 5.00V. R2 provides 
a typical adjustment range of ±75mV. The AD584LH will 
contribute less than ILSB of gain error over the commercial 
temperature range. 


+ 15V 



Figure 16. AD584LH as Reference Generator 


Transient currents flow at the Vref input during a conversion. 
To avoid dynamic errors place a 10p,F smoothing capacitor, 
either tantalum or electrolytic, in parallel with a 0.01|jlF disc 
ceramic from the Vref pin to AGND. 


Proper Layout: Layout for a printed circuit board should ensure 
that digital and analog signal lines are separated as much as 
possible. In particular, care should be taken not to run any 
digital track alongside an analog signal track or close to the 
autozero capacitor. The analog inputs, the reference input and 
the autozero input should be screened by AGND. 

A single point analog ground separate from the logic system 
ground should be established at pin 7 (AGND) or as close as 
possible to the AD7582. This single point analog ground should 
be connected to the digital system ground, to which pin 8 (DGND) 
is connected, at one point only and as close to the AD7582 as 
possible. The autozero capacitor, bypass capacitors for the refer¬ 
ence input and the analog supplies, AIN commons and any 
input signal screening should be returned to the analog ground 
point. Low impedance analog and digital power supply common 
returns are essential to low noise operation of the ADC and the 
foil width for these tracks should be as wide as possible. 

Noise: Input signal leads to AIN 0-3 and signal return leads 
from AGND (pin 7) should be kept as short as possible to minimize 
input noise coupling. In applications where this is not possible, 
a shielded cable between source and ADC is recommended. 

Also since any potential difference in grounds between the signal 
source and ADC appears as an error voltage in series with the 
input signal, attention should be paid to reducing the ground 
circuit impedances as much as possible. 

In applications where the AD7582 data outputs are connected to 
a continuously busy (and noisy) microprocessor bus it is possible 
to get LSB errors in conversion results. These errors are due to 
feedthrough from the microprocessor bus to the autozero com¬ 
parator. The problem exists only for ceramic package versions 
of the AD7582, the electrically isolated metal lid acting like a 
conductor to distribute the digital noise around the package. 

Grounding the lid to DGND eliminates this problem. Alternatively 
the AD7582 can be isolated from the microprocessor bus by 
means of three-state buffers. 


Microprocessor interfacing 


MICROPROCESSOR INTERFACING 

When the AD7582 is used with its own internal clock oscillator, 
microprocessor interfacing is straightforward and requires at 
most a few external gates (see Figures 17 through 19, 21 and 
22). When the AD7582 is used with an external clock source, 
additional circuitry is required to extend the fiP control signals 
(see Figure 20). 

MC6800, MC6809 and 6502 MICROPROCESSORS 

A typical interface to the AD7582 with any of the above micro¬ 
processors is shown in Figure 17. The decoder can be enabled 
high using VMA in 6800 systems or enabled low by NOR’ing 
4)0 and 4>2 in 6502 systems or by NOR’ing E and Q in 6809 
systems. Address lines AO, Al, and A2 of the 6800 have been 
tied to AO, Al and BYSL respectively of the AD7582. Assuming 
the AD7582 is assigned a memory block starting at address 
8000H, the input multiplexer is addressed as follows: 


8000H 

Channel 0 

8001H 

Channel 1 

8002H 

Channel 2 

8003H 

Channel 3 


A write instruction to one of these addresses will start a conversion 
of the selected channel. To read the conversio n res ults, it is 
necessary only to bring control inputs CS and RD low. The 
BYSL input (tied to A2 of the |xP) determines whether the data 
high or low byte is placed onto the 8-bit data bus. A read instruction 
to any one of the previous channel addresses will result in the 
low byte of data being transferred to the jxP (BYSL = Low). 
Similarly a read instruction to any address having A2 HIGH 
and within the assigned memory block, e.g., 8004H, transfers 
the high byte of data to the |xP. The converter status flag BUSY 
can be polled at intervals to check whether the present conversion 
has finished and valid 12-bit data is available. This is accomplished 
by the following instructions on the 6800: 

LDA A $8004 Load Flag from AD75 82 

ASL A Shift Flag into Carry 

BCC FETCH Branch to Data Fetch 

Subroutine if BUS Y is LOW 
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AD7582 OPERATING ON INTERNAL CLOCK. 

Figure 17. AD7582 - MC6800. 6809, 6502 Interface 

8085A, Z80 MICROPROCESSORS 

A typical interface to either of these microprocessors is shown in 
Figure 18. Not shown in the figure is the 8-bit latch required to 
demultiplex the 8085A common address/data bus. This interface 
uses slightly different low-level address decoding than the previous 
interface. Address lines AO, A1 &: A2 of the |xP have been tied 
to BYSL, AO & A1 respectively of the AD7582. This jillows the 
16-bit data move instructions on both the 8085A and the Z80 to 
be used when reading conversion results. Assuming the AD7582 
is again assigned a memory block starting at address 8000H the 
input multiplexer is now addressed as follows: 

8000H Channel 0 

8002H Channel 1 

8004H Channel 2 

8006H Channels 

A write instruction to one of these addresses will start a conversion 
of the selected channel. The 12-bit conversion results can be 
read (low byte first then high byte) by a single read instruction; 

On the 8085A 

LHLD 8000 

moves the conversion results into register pair HL 
On the Z80 

LD BC, (8000) 

moves the conversion results into register pair BC 



AD7582 OPERATING ON INTERNAL CLOCK. 

Figure 18. AD7582 - 8085A, Z80 Interface 


MC68000, MC68008 MICROPROCESSOR 

Figure 19 shows an AD7582~MC68000/MC68008 interface. 

Address lines Al, A2 and A3 of the |jlP are connected to BYSL, 
AO & Al inputs respectively of the AD7582. 

With the simple decoding logic shown in Figure 19, the AD7582 
is decoded in a memory block from COOOH to FFFFH. The 
input multiplexer is now addressed as follows: 

COOOH Channel 0 

C004H Channel 1 

C008H Channel 2 

COOCH Channels 

A write instruction to one of these addresses will start a conversion 
of the selected channel, i.e., 

MOVE. W DO $C004 

starts a conversion of channel 1. When the conversion is complete, 
the |jlP acquires the result by reading from the AD7582, i*e, 

MOVEP. W $000 (A2), DO 

This instruction places the conversion data in the DO register of 
the |xP. Address register A2 should contain an odd-order address 
for the AD7582, e.g., $C003. 


ADDRESS 
DECODE LOGIC 


A1-A19 

\ 

-f-AlB 1 A3 / 

tl / ^ 

- 



AO Al BYSL 

CS 

RD 

AD7582* 

WR 

DB0-DB7 

DTACK 

R/W 

MC68000 

MC68008 

D0-D7 



[:>— 


— 

— 

DATA BUS ^ 

_ -J 

♦LINEAR CIRCUITRY OMITTED FOR CLARITY. 


AD7582 OPERATING ON INTERNAL CLOCK. 

Figure 19. AD7582 - MC68000/MC68008 Interface 

MICROPROCESSOR INTERFACE TO AD7582 WITH 
EXTERNAL CLOCK 

Figure 20 shows the additional circuitry generally required to 
interface an 8-bit p,P to the AD7582 operating from an external 
clock source. During a write operation, the 74121 monostable 
(one-shot) is triggered to latch the data (AO, Al and CS) in the 
7477, a 4-bit bistable latch. The monostable timing components 
(not shown in Figure 20) should be chosen to provide an output 
pulse width corresponding to t 2 (EXT), the minimum autozero 
cycle time. To avoid any possibility of spurious triggering, the 
monostable should be enabled by a valid memory address signal. 
During a data read cycle, the 7477 latch is transparent and data 
is read normally. Note that the p.P write and read cycle times 
are unaffected by the interface circuitry. 
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AD7582 OPERATING WITH EXTERNAL CLOCK 

Figure 20. Interface to AD7582 Using External Clock 

8088, 8086 MICROPROCESSORS 

Figure 21 shows an AD7582-8088 interface. 

Address lines AO, A1 and A2 are connected to BYSL, AO and 
A1 inputs respectively of the AD7582. With the simple decoding 
shown in Figure 21 the AD7582 is decoded in a memory block 
from 4000H to 7FFFH. The input multiplexer is now addressed 
as follows: 

4000H Channel 0 

4002H Channel 1 

4004H Channel 2 

4006H Channels 

A write instruction to one of these addresses will start a conversion 
of the selected channel, i.e, 

MOV 4004, AX 

starts a conversion of channel 2. Wh^n the conversion is finished 
the 8088 acquires the result by reading from the AD7582, i.e., 

MOV AX, 4000 


Figure 22 shows an AD7582-8086 interface. Address lines Al, 
A2 and A3 are connected to BYSL, AO and Al inputs respectively 
of the AD7582. The AD7582 is again decoded in a memory 
block from 4000H to 7FFFH. The input multiplexer is now 
addressed as follows: 

4000H Channel 0 

4004H Channel 1 

4008H Channel 2 

400CH Channels 

A write instruction to one of these addresses will start a conversion 
of the selected channel, i.e, 

MOV 4008, AX 

starts a conversion of channel 2. When the conversion is finished, 
the 8086 acquires the result by reading from the AD7582 in two 
read cycles, i.e., 

MOV AL, 4000 
MOV AH, 4002 

places the conversion data in the accumulator. 

ADDRESS DECODE 



AD7582 OPERATING ON INTERNAL CLOCK. 


places the conversion data in the accumulator. 



AD7582 OPERATING ON INTERNAL CLOCK 


Figure 22. AD7582 - 8086 Interface 


Figure 21. AD7582 - 8088 Interface 
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AD7582-AD585 SAMPLE-HOLD INTERFACE 

Figure 23 shows an AD585 Sample-Hold Amplifier driving Aini 
of the AD7582. At a sampling frequency of 8kHz the maximum 
input signal frequency is 4kHz. The AD7582 is configured for 
bipolar operation to allow an input signal swing of ± 5V. No 
clock components are shown for the AD7582 but the conversion 
time of the AD7582 should be adjusted for 100 microseconds. 
With an external hold capacitor of lOOpF, the acquisition time 
for the sample-hold amplifier is 10 microseconds. The circuit 
operates from 0°C to -I- 70°C. 

To take a sample of the input, a WRITE instruction is execute d 
to the AD7582 control inputs. The converter busy flag, BUSY, 
is driven low indicating that a conversion is in progress. The 


falling edge of this BUSY signal places the sample-hold amplifier 
into the HOLD mode “freezing” the input signal to the A D7582. 
After 100 microseconds the conversion is finished and the BUSY 
signal is brought high. This allows a time of 25 microseconds 
for the AD585 to come out of the hold mode and acquire the 
input signal in time for the next sample. Between the end of 
one conversion and the start of the next, the conversion results 
must be read from the converter. 

Careful circuit layout and power supply decoupling are necessary 
to obtain maximum performance from the system. Decoupling 
capacitors in the diagram are all 10|xF electroytics in parallel 
with 0.01 ^.F disc ceramics. 



Figure 23. AD7582-AD585 Interface 
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ANALOG 

DEVICES 


LC^ MOS High Speed piP Compatible 
8-Bit ADC with Track/Hold Function 

AD7820 


FEATURES 

Fast Conversion Time: 1.36(jis Max 
Built-In Track-and-Hold Function 
No Missed Codes 
No User Trims Required 
Single +5V Supply 
Ratiometric Operation 
No External Clock 
0.3" Wide, 20-Pin DIP 


GENERAL DESCRIPTION 

The AD7820 is a high speed, microprocessor compatible 8-bit 
analog-to-digital converter which uses a half-flash conversion 
technique to achieve a conversion time of 1.36|xs. The converter 
has a OV to + 5V analog input voltage range with a single + 5V 
supply. 

The half-flash technique consists of 31 comparators, a most 
significant 4-bit ADC and a least significant 4-bit ADC. The 
input to the AD7820 is tracked and held by the input sampling 
circuitry, eliminating the need for an external sample-and-hold 
for signals with slew rates less than 100 mV/|xs. 

The part is designed for ease of microprocessor interface with 
the AD7820 appearing as a memory location or I/O port without 
the need for external interfacing logic. All digital outputs use 
latched, three-state output buffer circuitry to allow direct con¬ 
nection to a microprocessor data bus or system input port. A 
non-three state overflow output is also provided to allow cascading 
of devices to give higher resolution. 

The AD7820 is fabricated in an advanced, all ion-implanted, 
high speed. Linear Compatible CMOS (LC^MOS) process and 
features a low maximum power dissipation of 75mW. It is packaged 
in a 0.3"wide, 20-pin DIP. 


AD7820 FUNCTIONAL BLOCK DIAGRAM 



range. The part is also guaranteed to have no missing codes 
over the entire temperature range. 

3. Built-In Track-and-Hold 

The analog input circuitry uses sampled-data comparators, 
which by nature have a built-in track-and-hold function. As 
a result, input signals with slew rates up to lOOmV/fxs can be 
converted to 8-bits without external sample-and-hold. This 
corresponds to a 5V peak-to-peak, 7kHz sine wave 
signal. 

4. Single Supply 

Operation from a single -f- 5V supply with a positive voltage 
reference allows operation of the AD7820 in microprocessor 
systems without any additional power supplies. 


PRODUCT HIGHLIGHTS 

1. Fast Conversion Time 

The half-flash conversion technique, coupled with fabrication 
on Analog Devices’ LC^MOS process, enables very fast con¬ 
version times. The maximum conversion time for the WR-RD 
mode is 1.36|xs, with 1.6p,s the maximum for the RD mode. 

2. Total Unadjusted Error 

The AD7820 features an excellent total unadjusted error 
figure of less than Vi LSB over the full operating temperature 
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CDCPICIPATIflMC (Vin=+SV;VMF(+)=+5V;VRBr("-)=Cm=(IVuriessothemisestated)illS|iecifiGationsT^tDT^ 
OrLUiriuHl lUliO unlessotiwiwisespecified. SpMificationsapplyfbrRDMode(Pin7=0V) 





AD7820BQ 

AD7820CQ 



Parameter 

AD7820KN’ 

AD7820LN 

AD7820TQ 

AD7820UQ 

Units 

Conditions/Comments 

ACCURACY 







Resolution 

8 

8 

8 

8 

Bits 


Total Unadjusted Error^ 

Minimum Resolution for which 

±1 

±1/2 

±1 

±1/2 

LSB 


No Missing Codes are guaranteed 

8 

8 

8 

8 

Bits 


REFERENCE INPUT 







Input Resistance 

1.0/4.0 

1.0/4.0 

1.0/4.0 

1.0/4.0 

kflmin/kflmax 


Vref (+) Input Voltage Range 

Vref(-)/Vdd ’ 

Vref(-)A^dd 

Vref(-)/Vdd 

Vref(”)/Vdd 

Vmin/Vmax 


Vref (~) Input Voltage Range 

GNDWref( + ) 

GNDA/ref( + ) 

GNDA/ref( + ) 

GNDA/ref( + ) 

V min/V max 


ANALOG INPUT 







Input Voltage Range 

Vref(-)/Vref( + ) 

Vref(-)/VrEf( + ) 

Vref(-)/Vref( + ) 

Vref(-)/Vref( + ) 

V min/V max 


Input Leakage Current 

±3 

±3 

±3 

±3 

IxAmax 


Input Capacitance’ 

45 

45 

45 

45 

pF typ 


LOGIC INPUTS 







CS,WR,RD 







Vinh 

2.4 

2.4 

2.4 

2.4 

Vmin 


V,nl 

0.8 

0.8 

0.8 

0.8 

Vmax 


Iinh(CS,RD) 

1 

1 

1 

1 

p,A max 


IlNH (WR) 

3 

3 

3 

3 

p,A max 


In^L 

-1 

-1 

-1 

-1 

ixAmax 


Input Capacitance’ 

MODE 

8 

8 

8 

8 

pF max 

Typically 5pF 

Vinh 

3.5 

3.5 

3.5 

3.5 

V min 


Vinl 

1.5 

1.5 

1.5 

1.5 

Vmax 


IlNH 

200 

200 

200 

200 

jxA max 

50 jjlA typ 

IlNL 

-1 

-1 

-1 

-1 

(xAmax 


Input Capacitance’ 

8 

8 

8 

8 

pFmax 

Typically 5pF 

LOGIC OUTPUTS 







DBO-DB7,OFL,INT 







VoH 

4.0 

4.0 

4.0 

4.0 

V min 

IsouRCE = 360fiA 

VoL 

0.4 

0.4 

0.4 

0.4 

V max 

IsiNK= 1.6mA 

IouT(DBa-DB 7 ) 

±3 

±3 

±3 

±3 

fjiA max 

Floating State Leakage 

Output Capacitance’ 

8 

8 

8 

8 

pF max 

Typically 5pF 

SLEW RATE, TRACKING’ 

0.2 

0.2 

0.2 

0.2 

V/ixs typ 



0.1 

0.1 

0.1 

0.1 

V/fjLS max 


POWER SUPPLY 







Vdd 

5 

5 

5 

5 

Volts 

± 5% for Specified 
Performance 

Idd^ 

15 

15 

20 

20 

mAmax 

CS = RD = 0V 

Power Dissipation 

40 

40 

40 

40 

mWtyp 


Power Supply Sensitivity 

±1/4 

±1/4 

±1/4 

±1/4 

LSB max 

±l/16LSBtyp 

Vdd-5V ±5% 


NOTES 

'Temperature Ranges are as follows: 

AD7820 KN, LN 0 to + 70°C 
AD7820 BQ, CQ - 25°C to + 85“C 
AD7820 TQ, UQ - SS^C to + 125°C 
^Total Unadjusted Error includes offset, full-scale and linearity errors. 
’Sample tested at 25°C by Product Assurance to ensure compliance. 
^See Typical Performance Characteristics. 

Specifications subject to change without notice. 
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(Voo= +5 V;Vref(+)= +5V;Yro:(“)=GND= 0V unless otherwise stated) 


TIMING CHARACTERISTICS' 




Limit at 

Limit at 




Limit at 2S°C 

T . T 

* min> * max 

T . T 

* min» max 



Parameter 

(All grades) 

(K,L,B,C grades) 

(T,U grades) 

Units 

Conditions/Comments 

tcss 

0 

0 

0 

ns min 

CS TO RD/WR Setup Time 

k:sH 

0 

0 

0 

ns min 

CS TO ]^/WR Hold Time 

^RDY^ 

70 

90 

100 

ns max 

CS to RDY Delay. Pull-Up 






Resistor 2kn. 

klRD 

1.6 

2.0 

2.5 

{xs max 

Conversion T ime (RD Mode) 

Ucco^ 

tcRD + 20 

tcRD + 35 

tcRD + 50 

ns max 

Data Access Time (RD Mode) 

^INTH^ 

125 

- 

- 

ns typ 

RD to INT Delay (RD Mode) 


175 

225 

225 

ns max 


ton' 

60 

80 

100 

ns max 

Data Hold Time 

tp 

500 

600 

600 

ns min 

Delay Time between Conversions 

^WR 

600 

600 

600 

ns min 

Write Pulse Width 


50 

50 

50 

(xs max 


^RD 

600 

700 

700 

ns min 

Delay Time between WR and RD Pulses 

^ACCl^ 

160 

225 

250 

ns max 

Data Access Time (WR-RD Mode, HlH 






see Fig. 5b) 

^Rl 

140 

200 

225 

ns max 

RD to INT Delay 

%TL^ 

700 

- 

- 

ns typ 

WR to INT Delay 


1000 

1400 

1700 

ns max 


tACC2^ 

70 

90 

110 

ns max 

Data Access Time (WR-RD Mode, 






see Fig. 5a) 

tlHWR^ 

100 

130 

150 

ns max 

WR to INT Delay (Stand-Alone Operation) 

^ID 

50 

65 

75 

ns max 

Data Access Time after INT 


(Stand-Alone Operation) 


NOTES 

^Sample tested at 25°C to ensure compliance. All input control signals are specified with tr = tf=20ns (10% to 90% of +5V) and timed from a voltage level of 1.6V. 
2Cl = 50pF. 

^Measured with load circuits of Figure 1 and defined as the time required for an output to cross 0.8V or 2.4V. 

^Defined as the time required for the data lines to change 0.5V when loaded with the circuits of Figure 2. 

Specifications subject to change without notice. 

Test Circuits 



b. High-ZtoVoL b. VoitoHigh-Z 

Figure 1. Load Circuits for Data Access Time Test Figure 2. Load Circuits for Data Hold Time Test 
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ABSOLUTE MAXIMUM RATINGS* 

Vdd to GND ................ . ... OV, +7V 

Digital Input Voltage to GND 

Pins 6-8, 13).. -0.3V, Vdd 

Digital Output Voltage to GND 

(Pins 2-5, 9, 14-18). -0.3V, Vdd 

VREF( + )toGND . Vref(-),Vdd 

VREF(-)toGND ..0 V,Vref( + ) 

ViN to GND.... . -0.3V, Vdd 

Operating Temperature Range 

KN, LN ..0to+70°C 


BQ, CQ . ...... ___ . -aS^C to +85°C 

TQ, UQ ....... . . ...... . . -SS^C to +125X 

Storage Temperature Range ..-65°Cto +150°C 

Lead Temperature (Soldering, lOsecs) . + 300®C \ 

Power Dissipation (Any Package) to+75®C . 450mW 

Derates above + 75®C by.6mW/°C 


*Stresses above those listed under “Absolute Maximiun Ratings” may 
cause permanent damage to the device. This is a stress rating only and 
functional operation of the device at these or any other conditions above 
those indicated in the operational sections of this specification is not 
implied. Exposure to absolute maximum rating conditions for extended 
periods may affect device reliability. 


CAUTION:---- 

ESD (Electro-Static-Discharge) sensitive device. The digital control inputs are zener protect¬ 
ed; however, permanent damage may occur on unconnected devices subject to high energy 
electrostatic fields. Unused devices must be stored in conductive foam or shunts. The foam 
should be discharged to the destination socket before devices are removed. 



PIN CONFIGURATION 


ORDERING INFORMATION 


Viwirl 

• 

^Vdo 



TsInc 

DBl[T 


i?|o^ 

DB2 f4 ' 

AD7820 

i3dB7 (MSB) 


TOP VIEW 

16]dB6 

WR/RDY pr 

(Not to Scale) 

TsIdbs 

mode[T 


i7|dB4 

rd|T 


mcs 



Ii]VREF( + ) 



HJVrefI-) 


Temperature Range and Package 


Total 

Unadjusted 

Plastic 

Cerdip* 

Cerdip* 

Error 

Oto +70X 

-25Xto +85X 

-55Xto+125°C 

± 1/2LSB 

AD7820LN 

AD7820CQ 

AD7820UQ 

± ILSB 

AD7820KN 

AD7820BQ 

AD7820TQ 


NOTE 

‘Analog Devices reserves the right to ship ceramic packages in lieu of cerdip packages. 


MECHANICAL INFORMATION 
OUTLINE DIMENSIONS 

Dimensions shown in inches and (mm). 


20-PIN CERAMIC* 


20-PIN CERDIP (SUFFIX Q) 20-PIN PLASTIC DIP (SUFFIX N) 


) 

a 



IT 

0.290 ±0.000 
(7.37 ±0.201 

.1 


1.000 ±0.010. 




(25.40 ±0.251 


._L 


rmi 

1 ^ U. 0.010 ±0.002 ^ 

L-. 0.900 ±0.00' 

1 (22.00 ±0.13 

! 

YP 

1 0.005 ±0.009 

1 (2.16 ±0.23) 

"T 

a.0.100 ±0.005 
(2.54 ±0.13) 


I22.M 

TOL NON ACCOM 



NOTES: 

1. LEAD NUMBER 1 IDENTIFIEO BY DOT OR NOTCH. 

2. LEADS WILL BE EITHER GOLD OR TIN PLATED IN ACCORDANCE 
WITH MIL M 38S10 REQUIREMENTS. 


0.300 ±0.010 






NOTE 

‘Analog Devices reserves the right to ship ceramic packages in lieu of cerdip packages. 
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CONVERSION TIME-|iS 


Typical Performance Characteristics 



Ta - AMBIENT TEMPERATURE - X 



-100 -50 0 50 100 150 

Ta - AMBIENT TEMPERATURE - X 



Conversion Time (RD Mode) 
vs. Temperature 


Po wer Supply Curren t vs. 
Temperature (notincluding 
reference ladder) 


Accuracy vs. twa 



Accuracy vs. t^o 


Accuracy vs. tp 



0 1 2 3 4 5 

V Vrep-V 


Accuracy vs Vref 

[VreF = ^REF ( + )~ VreF (~)} 



Signal-Noise Ratio vs. Input Frequency 




-100 -60 0 50 100 150 

Ta - AMBIENT TEMPERATURE - °C 


l^iNTLf Internal Time Delay vs. Output Current vs. Temperature 

Temperature 
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PIN FUNCTION DESCRIPTION 


PIN 

1 

2 

3 

4 

5 

6 

7 


8 

9 


10 

11 

12 

13 


14 

15 

16 

17 

18 


19 

20 


MNEMONIC DESCRIPTION 

ViN Analog Input. Range: Vref( -) to 

Vref( + ). 

DBO Data Output. Three State Output, bit 0 

(LSB) 

DB1 Data Output. Three State Output, bit 1 

DB2 Data Output. Three State Output, bit 2 

DB3 Data Output. Three State Output, bit 3 

WR/RDY WRITE control input/READY status 

output. See Digital Interface section. 

Mode Mode Selection Input. It determines 

whether the device operates in the WR-RD 
or RD mode. It is internally tied to 
GND through a SOfjiA current source. 

_ See Digital Int erfa ce section. 

RD READ Input. RD must be low to access 

data from the part. See Digital Interface 
_ section. 

INT INTERRUPT Output. INT going low 

indic ates that the conversion is complete. 
I NT re turns high on the rising edge 
of RD or CS. See Digital Interface section. 
GND Ground 

V ref( ~) Lower limit of reference span. 

Range: GND^VrefC ~ )^Vref( +) 

V ref( +) Upper limit of reference span. 

_ Range: Vref( ~)— Vref( +)— V dd 

CS Chip Select Input. CS, the decoded 

devi ce addr ess, must be low for 
RD or WR to be recognized by the 
converter. 

DB4 Data Output. Three State Output, bit 4 

DBS Data Output. Three State Output, bit 5 

DB6 Data Output. Three State Output, bit 6 

DB7 Data Output. Three State Output, bit 7 

__ (MSB) 

OFL Overflow Output. If the analog input is 

higher than (Vref( +) “ 1/2LSB), OFL 
will be low at the end of conversion. It 
is a non three state output which 
can be used to cascade 2 or more 
devices to increase resolution. 

NC No connection. 

VDD Power supply voltage, + 5 V 


CIRCUIT INFORMATION 

BASIC DESCRIPTION 

The AD7820 uses a half-flash conversion technique whereby 
two 4-bit flash A/D converters are used to achieve an 8-bit 
result. Each 4-bit flash ADC contains 15 comparators which 
compare the unknown input to a reference ladder to get a 4-bit 
result. For a full 8-bit reading to be realized, the upper 4-bit 
flash, the most significant (MS) flash, performs a conversion to 
provide the 4 most significant data bits. An internal DAC, 
driven by the 4 MSBs, then recreates an analog approximation 
of the input voltage. This analog result is subtracted from the 
input, and the difference is converted by the lower flash ADC, 
the least significant (LS) flash, to provide the 4 least significant 
bits of the output data. The MS flash ADC also has one additional 
comparator to detect input overrange. 

OPERATING SEQUENCE 

The operating sequence for the AD7820 in the WR-RD mode is 
shown in Figure 3 . A s et-up time of 500ns is required prior to 
the falling edge of WR. (This 500ns is required between reading 
data from the AD7820 and starting another conversion). When 
WR is low the input comp arato rs track the analog input signal, 
ViN- On the rising edge of WR, the input signal is sampled and 
the result for the four most significant bits is lat ched . INT goes 
low approximately 700ns after the rising edge of WR. This 
indicates that conve rsion is complete and the data result is already 
in the output latch. RD going low then accesses the output 
data. If a faster conversi on ti me is required, the RD line can be 
brought low 600ns after WR goes high. This latches the lower 4 
bits of data and accesses the output data on DB0-DB7. 



Figure 3. Operating Sequence (WR-RD Mode) 
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DIGITAL INTERFACE 

The AD7820 has two basic interface modes which are determined 
by the status of the MODE pin. When this pin is low the converter 
is in the RD mode, with this pin high the AD7820 is set up for 
the WR-RD mode. 

RD Mode 

The timing diagram for the RD mode is shown in Figure 4. In 
tl^RD mode con figuration, conversion is initiated by taking 
RD low. The RD line is then kept low until output data appears. 
It is very useful with microprocessors which can be forced into 
a WAIT state, with the microprocessor starting a conversion, 
waiting, and then reading data with a single READ instruction. 
In this mode, pin 6 of the AD7820 is configured as a status 
output, RDY. This RDY output can be used to drive the processor 
READY or WAIT input. It is an open drain output (no internal 
pull-up device) which goes low after the falling ed ge of CS and 
goes high impedance at the end of conversion. An INT line is 
also provided which goes low at the completio n of conversion. 
INT returns high on the rising edge of CS or RD. 



Figure 4. RDMode 


WR-RD Mode 

In the WR-RD mode, pm 6 is configured as the WRITE input 
for the AD7820. With CS low, conversion is initiated on the 
falling edge of WR. Two options exist for reading data from the 
converter. 



In the first of these options the processor waits for the INT 
status line to go low before reading the data (see Fig ure S a). 

INT typically goes low 700ns after the rising edge of WR. It 
indicates that conversion is complete and that the data result is 
in the output latch. With CS low, the data outputs (DB0-DB7) 
are activated when RD goes low. INT is reset by the rising edge 
of RD or CS. 

The alternative option can be used to s horte n the conversion 
time. To achieve this, the status of the INT line is ig nored and 
RD can be brought low 600ns after the rising edge of WR. In 
this case RD going low transfers the data result i nto t he output 
latch and activates the data outputs (DB0-DB7). INT also goes 
low on falling edge of RD and is reset on the rising edge of 
RD or CS. The timing for this interface is shown in Figure 5b. 



Figure 5b. WR-RD Mode (tRD<tiNTL} 


The AD7820 can also be used in stand-alone operation in the 
WR-RD mode. CS a rid R D are tied low and a conversion is 
initiated by bringing WR low. Out put data is valid approximately 
600ns after the rising edge of WR. The timing diagram for this 
mode is shown in Figure 6. 



Figure 6. WR-RD Mode Stand-Alone Operation, CS = RD = 0 



Figure 5a. WR-RD Mode (tRD> tiNn) 
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APPLYING THE AD7820 

REFERENCE AND INPUT 

The two reference inputs on the AD7820 are fully differential 
and define the zero to full-scale input range of the A/D converter. 
As a result, the span of the analog input can easily be varied 
since this range is equivalent to the voltage difference between 
Vin( +) and Vin( -). By reducing the reference span, Vref( + )- 
Vref( ” )> to less than 5V the sensivity of the converter can be 
increased (i.e., if Vref = 2V then ILSB = 7.8mV). The input/refer¬ 
ence arrangement also facilitates ratiometric operation. 

This reference flexibility also allows the input span to be offset 
from zero. The voltage at Vref( “) sets the input level which 
produces a digital output of all zeroes. Therefore, although Vin 
is not itself differential, it will have nearly differential-input 
capability in most measurement applications because of the 
reference design. Figure 7 shows some of the configurations that 
are possible. 

INPUT CURRENT 

Due to the novel conversion techniques employed by the AD7820, 
the analog input behaves somewhat differently than in conventional 
devices. The ADC’s sampled-data comparators take varying 
amounts of input current depending on which cycle the conversion 
is in. 

The equivalent input circuit o f the AD7820 is shown in Figure 
8a. When a conversion starts (WR low, WR-RD mode), all 
input switches close, and Vin is connected to the most significant 
and least significant comparators. Therefore, Vin is connected 
to thirty one IpF input capacitors at the same time. 

The input capacitors must charge to the input voltage through 
the on resistance of the analog switches (about 2kfl to Skfl). In 
addition, about 12pF of input stray capacitance must be charged. 
For large source resistances, the analog input can be modelled 
as an RC network as shown in Figure 8b. As Rs increases, it 
takes longer for the input capacitance to charge. 

In the RD mode, the time for which the input comparators 
track the analog input is 600ns at the start of conversion. In the 
WR-R D m ode the input comparators track Vin for the duration 
of the WR pulse. Since other factors cause this time to be at 
least 600ns, input time constants of 100ns can be accommodated 
without special consideration. Typical total input capacita nce 
values of 45pF allow Rs to be l.SkO without lengthening WR 
to give Vin more time to settle. 




Vin{ + ) 


V,m ( ) ———— '' .— 

V 

AD7820 

1 1 ^ 

:^47^F 

X I 

»DD 

Vref< + ) 

Vref I “) 


Figure 7a. Power Supply as Reference 
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2.5V 


T 

T 


AD580 


V|,ef( + ) 

V 

V 

_ 

1_ 


Vref(-) 


Figure 7b. External Reference 2.5V Full-Scale 



V,N 

GND 

AD7820 

V|n( + ) 


VReF( + ) 

I I 2.5V 


V V — A — 

J- 

Vref (“) 


•CURRENT PATH MUST 
STILL EXIST FROM 
V,n(-)TOGROUND. 


Figure 7c. Input Not Referenced to GND 
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Figure 8b. RC Network Model 

INPUT FILTERING 

It should be made clear that transients on the analog input 
signal, caused by charging current flowing into Vin will not 
normally degrade the ADC’s performance. In effect, the AD7820 
does not “look” at the input when these transients occur. The 


comparators’ outputs are not latched while WR is low, so at 
least 600ns will be provided to charge the ADC’s input capacitance. 
It is therefore not necessary to filter out these transients with an 
external capacitor at the Vin terminal. 

INHERENT SAMPLE-HOLD 

A major benefit of the AD7820’s input structure is its ability to 
measure a variety of high speed signals without the help of an 
external sample-and-hold. In a conventional SAR type converter, 
regardless of its speed, the input must remain stable to at least 
!/ 2 LSB throughout the conversion process if full accuracy is to 
be maintained. Consequently, for many high speed signals, this 
signal must be externally sampled and held stationary during 
the conversion. The AD7820 input comparators, by nature of 
their input switching inherently accomplish this sample-and-hold 
function. Although the conversion time for the AD7820 is 1.36|jls, 
the time through which Vin niust be V' 2 LSB sta ble is much 
smaller. The AD7820 “samples” Vin only when WR is low. 

The value of Vin approximat ely 10 0ns (internal propogation 
delay) after the rising edge of WR is the measured value. This 
value is then used in the least significant flash to generate the 
lower 4-bits of data. 

Input signals with slew rates typically below 200mV/(xs can be 
converted without error. However, because of the input time 
constants, and charge injection through the opened comparator 
input switches, faster signals may cause errors. Still, the AD7820’s 
loss in accuracy for a given increase in signal slope is far less 
than what would be witnessed in a conventional successive 
approximation device. An SAR type converter with a conversion 
time as fast as l|xs would still not be able to measure a 5V, 

IkHz sine wave without the aid of an external sample-and-hold. 
The AD7820 with no such help, can typically measure 5V, 
lOkHz waveforms. 


Applications 



Figure 9a. 8-Bit Resolution 


OUTPUT 

CODE full scale 



Figure 9b. Nominal Transfer Characteristic for 8-Bit 
Resolution Circuit 
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Applications 



Figure 10. 9-Bit Resolution 


25ki)> 



Figure 1 7 . Telecom A/D Con verter 
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IF Vima^Vref 


Figure 12. 8-Bit Analog Multiplier 



Figure 13. Fast Infinite Sample-and-Hold 
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□ ANALOG LC^MOS 

DEVICES High Speed 4- & 8-Channel 8-Bit ADCs 


AD7824/AD7828 


FEATURES 

4- or 8-Analog Input Channels 

Built-In Track/Hold Function 

10kHz Signal Handling on Each Channel 

Fast Microprocessor Interface 

Single +5V Supply 

Low Power: 40mW 

Fast Conversion Rate, 2.5ps/Channel 

Tight Error Specification: 1/2LSB 


AD7824/AD7828 FUNCTIONAL BLOCK DIAGRAM 


)- 

)- 


• 4-BIT 

^ FLASH — “f- 

ADC--f- 


* “ MUX* 

o~j—(^)— 

^ (4MSBI 

. A : 

THREE 

STATE 

DRIVERS 

8 — 


V«p( + ) - 

16 4-BIT 

^ FLASH 

ADC - 

- 

ADORES: 

LATCH 

DECODE 

n— 

^ I4LSB) 

1 TIMING AND CONI 

CIRCUITRY 

1-,-- 

FROL 


AO AT AZ” RDY CS RD 


•A07824 - 4-CHANNEL MUX 
A07828 - 8-CHANNEL MUX 
••A2 - AD7828 ONLY 


GENERAL DESCRIPTION 

The AD7824 and AD7828 are high-speed, multichannel, 8-bit 
ADCs with a choice of 4 (AD7824) or 8 (AD7828) multiplexed 
analog inputs. A half-flash conversion technique gives a fast 
conversion rate of 2.5|xs per channel and the parts have a built-in 
track/hold function capable of digitizing full-scale signals of up 
to lOkHz (157mV/|xs slew rate) on all channels. The AD7824 
and AD7828 operate from a single + 5V supply and have an 
analog input range of 0 to + 5V, using an external + 5V 
reference. 

Microprocessor interfacing of th e parts is simple, using standard 
Chip Select (CS) and Read (RD) signals to intitiate the conversion 
and read the data from the three-state data outputs. The half-flash 
conversion technique means that there is no need to generate a 
clock signal for the ADC. The AD7824 and AD7828 can be 
interfaced easily to most popular microprocessors. 

The AD7824 and AD7828 are fabricated in an advanced, all 
ion-implanted, Linear-Compatible CMOS process (LC^MOS) 
and have low power dissipation of 40mW (typ). The AD7824 is 
available in a 0.3" wide, 24-pin “skinny” DIP, while the AD7828 
is packaged in a 0.6" wide, 28-pin DIP. 


PRODUCT HIGHLIGHTS 

1. 4- or 8-channeI input multiplexer gives cost-effective space¬ 
saving multichannel ADC system. 

2. Fast conversion rate of 2.5|jLs/channel features a per channel 
sampling frequency of lOOkHz for the AD7824 or 50kHz for 
the AD7828. 

3. Built-in track-hold function allows handling of 4- or 8-channels 
up to lOkHz bandwidth (157mV/p.s slew rate). 

4. Tight total unadjusted error spec and channel-to-channel 
matching eliminate the need for user trims. 

5. Single +5V supply simplifies system power requirements. 

6. Fast, easy-to-use digital interface allows connection to most 
popular microprocessors with minimal external components. 
No clock signal is required for the ADC. 
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CDCnirirATinMC (VoD=+5V;VRff(+)=i+5V;VRff(-)=GND==0Vunlesso!heiwlsesl^ 
di E w I r I ull 11 U liu All specifications to T„^ unless otheiwise specified. Specifications apply for Mode 0. 


Parameter 

AD7824KN^ 

AD7828KN^ 

AD7824LN 

AD7828LN 

AD7824BQ 

AD7824TQ 

AD7828BQ 

AD7828TQ 

AD7824CQ 

AD7824UQ 

AD7828CQ 

AD7828UQ 

Units 

Conditions/Comments 

ACCURACY 







Resolution 

8 

8 

8 

8 

Bits 


Total Unadjusted Error^ 

±1 

±1/2 

±1 

±1/2 

LSB max 


Minimum Resolution for which 







No Missing Codes are guaranteed 

8 

8 

8 

8 

Bits 


Channel to Channel Mismatch 

±1/4 

±1/4 

±1/4 

±1/4 

LSB max 


REFERENCE INPUT 

' 






Input Resistance 

1.0/4.0 

1.0/4.0 

1.0/4.0 

1.0/4.0 

kft min/kn max 


Vref (+) Input Voltage Range 

Vref(-)/ 

Vref(-)/ 

Vref(-)/ 

Vref(-)/ 

V min/V max 



Vdd 

Vdd 

Vdd 

Vdd 



Vref (“ ) Input Voltage Range 

GND/ 

GND/ 

GND/ 

GND/ 

V min/V max 



Vref( + ) 

Vref( + ) 

Vref( + ) 

Vref(+) 



ANALOG INPUT 







Input Voltage Range 

Vref(-)/ 

Vref(-)/ 

1 

1 

> 

vref( - y 

V min/V max 



Vref( + ) 

Vref( + ) 

Vref( +) 

Vref( + ) 



Input Leakage Current 

±3 

±3 

±3 

±3 

txA max 

Analog Input Any Channel 

Input Capacitance^ 

45 

45 

45 

45 

pF typ 

Oto +5V 

LOGIC INPUTS 







RD,CS,A0,A1&A2 







Vinh 


2.4 

2.4 

2.4 

V min 


Vinl 


0.8 

0.8 

0.8 

Vmax 


IlNH 


1 

1 

1 

fxAmax 


IlNL 


-1 

-1 

-1 

|xA max 


Input Capacitance^ 

yiiimfiii 

8 

8 

8 

pFmax 

Typically 5pF 

LOGIC OUTPUTS 







DB0-DB7&INT 







VoH 

4.0 

4.0 

4.0 

4.0 

Vmin 

IsouRCE = 360fxA 

VoL 

0.4 

0.4 

0.4 

0.4 

Vmax 

IsiNK = L6mA 

Iout(DB0-DB7) 

±3 

±3 

±3 

±3 

IxAmax 

Floating State Leakage 

Output Capacitance^ 

8 

8 

8 

8 

pFmax 

Typically 5pF 

RDY 







Vol" 

0.4 

0.4 

0.4 

0.4 

Vmax 

IsiNK = 2.6mA 

loUT 

±3 

±3 

±3 

±3 

IxAmax 

Floating State Leakage 

Output Capacitance 

8 

8 

8 

8 

pF max 

Typically 5pF 

SLEW RATE, TRACKING^ 

0.7 

0.7 

0.7 

0.7 

V/|xs typ 



0.157 

0.157 

0.157 

0.157 

V/|xs max 


POWER SUPPLY 







Vdd 

5 

5 

5 

5 

Volts 

± 5% for Specified 







Performance 

Idd^ 

16 

16 

20 

20 

mAmax 

CS = RD = 2.4a 

Power Dissipation 

40 

40 

40 

40 

mWtyp 



80 

80 

100 

100 

mWmax 


Power Supply Sensitivity 

±1/4 

±1/4 

±1/4 

±1/4 

LSB max 

±l/16LSBtyp 







Vdd = 5V±5% 


NOTES 

‘Temperature Ranges are as foUows: 

AD7824/AD7828KN, LN 0 to + 70°C 

AD7824/AD7828BQ, CQ - 25"C to + 85°C 

AD7824/AD7828TQ, UQ - 55°C to + 125°C 

^Total Unadjusted Error includes offset, full-scale and linearity errors. 
^Sample tested at 25°C by Product Assurance to ensure compliance. 
‘‘RDY is an open drain output. 

^See Typical Performance Characteristics. 

Specifications subject to change without notice. 
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TIMING CHARACTERISTICS^ (Vdo= +5V;Vro:(+)= +5V;Vref(-)=GND= 0V unless Otherwise Slated) 


Parameter 

Limit at 25°C 
(All grades) 

Limit at 

T . T 

* nun* * max 

(K,L,B,C grades) 

Limit at 

T . T 

* min> * max 

(T,U grades) 

Units 

Conditions/Comments 

k:ss 

0 

0 

0 

ns min 

CS to RD Setup Time 

tCHS 

0 

0 

0 

ns min 

CS to RD Hold Time 

Us 

0 

0 

0 

ns min 

Multiplexer Address Setup Time 

tAH 

30 

35 

40 

ns min 

Multiplexer Address Hold Time 

Udy^ 

40 

60 

60 

ns max 

RD to RDY Delay. Pull-Up 






Resistor 5kn. 

Urd 

2.0 

2.4 

2.8 

|xs max 

Conversion Time, Mode 0 

Ucci^ 

85 

110 

120 

ns max 

Data Access Time after RD 

^ACC2^ 

50 

60 

70 

ns min 

Data Access Time after INT, Mode 0 

^INTH^ 

40 

65 

70 

ns typ 

RD to INT Delay 


75 

100 

100 

ns max 


tDH^ 

60 

70 

70 

ns max 

Data Hold Time 


500 

500 

600 

ns min 

Delay Time between Conversions 

Ud 

60 

80 

80 

ns min 

Read Pulse Width, Mode 1 


600 

500 

400 

ns max 



NOTES 

‘Sample tested at 25°C to ensure compliance. All input control signals are specified with tr = tf=20ns (10% to 90% of + 5V) and timed from a 
voltage level of 1.6V. 

2Cl = 50pF. 

^Measured with load circuits of Figure 1 and defined as the time required for an output to cross 0.8V or 2.4V. 

^Defined as the time required for the data lines to change 0.5V when loaded with the circuits of Figure 2. 

Specifications subject to change without notice. 


Test Circuits 


DBNO 



a. High-Z to Vq 


DBNO- 




3kil < 


DGND 


5 


lOpF 


a. VoH to High-Z 


[Skll 


:3kll 


DBNO- 


:lOOpF 
^DGND 

b. High-Z to Vql 

Figure 7. LoadCircuits for Data Access Time Test 


DBNO- 


: 10pF 
^ DGND 

b. VoitoHigh-Z 

Figure 2. Load Circuits for Data Hold Time Test 
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ABSOLUTE MAXIMUM RATINGS* 

Vdd . . V...OV, +7V 

Digital Input Voltage to GND 

(RD, CS, AO, A1 & A2).. -0.3V, Vdd 

Digital Output Voltage t o GN D 

(DBO, DB7, RDY & INT). -0.3V, Vdd 

VREF( + )toGND .. Vref(~)jVdd 

VREF(-)toGND .0 V,Vref(+) 

Analog Input (Any Channel) . ... -0.3V, Vdd 

Operating Temperature Range 

KN, LN. 0to+70X 

BQ, CQ.. -25®Cto +85®C 


TQ, UQ ...-55°Cto +125°C 

Storage Temperature Range.. -^5°C to +150®C 

Lead Temperature (Soldering, lOsecs) .+300®C 

Power Dissipation (Any Package) to +75°C . 450mW 

Derates above +75‘’Cby .6mW/°C 


^Stresses above those listed under ^Absolute Maximum Ratings” may 
cause permanent damage to the device. This is a stress rating only and 
functional operation of the device at these or any other conditions above 
those indicated in the operadonai secdons of this specificadon is not 
implied. Exposure to absolute maximum rating condidons for extended 
periods may affect device reliability. 


CAUTION:-- 

ESD (Electro<Stadc-Discharge) sensitive device. The digital control inputs are zener protect- 
ed; however, permanent damage ntay occur on unconnected devices subject to high energy 
electrostadc fields. Unused devices must be stored in conductive foam or shunts. The foam 
should be discharged to the destination socket before devices are removed. 



PIN CONFIGURATION 


ORDERING INFORMATION 




Total 

Unadjusted 

Error 

Temperature Range and Package 

Plastic 

0to+70®C 

Hermetic^ 

-25^^ +85X 

Hermetic^ 

-55Xto+125°C 

±1/2LSB 

±1LSB 

AD7824LN 

AD7824KN 

AD7824CQ 

AD7824BQ 

AD7824UQ 

AD7824TQ 


NOTES 

* Analog Devices reserves the right to ship either cerdip or ceramic hermedc packages. 

^ For informadon regarding /883B versions, contact your local Analog Devices Sales Office 
for Military data sheet. 


Total 

Unadjusted 

Error 

Temperature Range and Package 

Plastic 

Oto +70X 

Hermetic^ 

-25Xto4-85X 

Hermetic^ 

-55Xto+125X 

±1/2LSB 

±1LSB 

AD7828LN 

AD7828KN 

AD7828CQ 

AD7828BQ 

AD7828UQ 

AD7828TQ 


NOTES 

'Analog Devices reserves the right to ship either cerdip or ceramic hermetic packages. 

^ For information regarding/883B versions, contact your local Analog Devices Sales Office 
for Military data sheet. 
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Typical Performance Characteristics 



-100 -50 0 50 100 150 -100 -50 0 50 100 150 

Ta-AMBIENT temperature - °C Ta - AMBIENT TEMPERATURE - X 


Conversion Time VS. Temperature Power Supply Current vs. 

Temperature (not including 
reference ladder) 



Accuracy vs Vref Accuracy vs. tp 

l^REF = ^REF (-^)- VrEF ( - )] 



ENCODE RATE = AOOkHz Ta - AMBIENT TEMPERATURE - X 

INPUT SIGNAL = 5Vp-p 
MEASUREMENT BANDWIDTH = 80kHz 


Signal-Noise Ratio vs. Input Frequency 


Output Current vs. Temperature 
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OPERATIONAL DIAGRAM 

The AD7824 is a 4-chamiel 8-bit A/D converter and the 
AD7828 is an 8-channel 8-bit A/D converter. Operational 
diagrams for both of these devices are shown in Figures 3 
and 4. The addition of just a + 5 V reference allows the devices 
to perform the analog-to-digital function. 



Figure 3. AD7824 Operational Diagram 



Figure 4. AD7828 Operational Diagram 


APPLYING THE AD7824/AD7828 
REFERENCE AND INPUT 

The two reference inputs on the AD7824/AD7828 are fully 
differential and define the zero to full-scale input range of the 
A/D converter. As a result, the span of the analog input voltage 
for all channels can easily be varied. By reducing the, reference 
span, Vref ( + ) - Vref (“)» to less than 5V the sensitivity of 
the converter can be increased (e.g., if Vref = 2V then ILSB 
= 7.8mV). The input/reference arrangement also facilitates 
ratiometric operation. 

This reference flexibility also allows the input channel voltage 
span to be offset from zero. The voltage at Vref (“) sets the 
input level for all channels which produces a digital output of 
all zeroes. Therefore, although the analog inputs are not themselves 
differential, they have nearly differential-input capability in 
most measurement applications because of the reference design. 
Figures 5 to 7 show some of the configurations that are 
possible. 



AIN1 

GND 

AD7824* 
w AD7828* 


V 



Vdd 

Vref( + ) 

To.vf 

T47jiF 



V ^ 

Vref(-) 


‘ADDITIONAL PINS OMITTED FOR CLARITY. 
ONLY CHANNEL 1 SHOWN 


Figure 5. Power Supply as Reference 



•ADDITIONAL PINS OMITTED FOR CLARITY, 

ONLY CHANNEL 1 SHOWN 

Figure 6. External Reference Using the AD580, Full-Scale 
Input is 2.5V 


CIRCUIT INFORMATION 
BASIC DESCRIPTION 

The AD7824/AD7828 uses a half-flash conversion technique 
whereby two 4-bit flash A/D converters are used to achieve 
an 8-bit result. Each 4-bit flash ADC contains IS comparators 
which compare the unknown input to a reference ladder to 
get a 4-bit result. For a full 8-bit reading to be realized, the 
upper 4-bit flash, the most significant (MS) flash, performs a 
conversion to provide the 4 most significant data bits. An 
internal DAC, driven by the 4MSBs, then recreates an analog 
approximation of the input voltage. This analog result is 
subtracted from the input, and the difference is converted by 
the lower flash ADC, the least significant (LS) flash, to 
provide the 4 least significant bits of the output data. 



•ADDITIONAL PINS OMITTED FOR CLARITY. 

ONLY CHANNEL 1 SHOWN 

DATA = *256 (FOR ALL CHANNELS) 


Fig u a re 7. Input Not Referenced to GND 
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INPUT CURRENT 

Due to the novel conversion techniques employed by the AD7824/ 
AD7828, the analog input behaves somewhat differently than in 
conventional devices. The ADC’s sampled-data comparators 
take varying amounts of input current depending on which 
cycle the conversion is in. 

The equivalent input circuit of the AD7824/AD7828 is shown in 
Figure 8. When a conversion starts (CS and RD going low), all 
input switches close, and the selected input channel is connected 
to the most significant and least significant comparators. Therefore, 
the analog input is connected to thirty-one IpF input capacitors 
at the same time. 



Figure 8. AD7824 AD7828 Equivalent Input Circuit 

The input capacitors must charge to the input voltage through 
the on resistance of the analog switches (about 3k to 6k). In 
addition, about 14pF of input stray capacitance must be charged. 
The analog input for any channel can be modelled as an RC 
network as shown in Figure 9. As Rs increases, it takes longer 
for the input capacitance to charge. 


source impedence of not greater than 100 ohms be connected to 
the analog inputs. The output impedence of an op-amp is equal 
to the open loop output impedence divided by the loop gain at 
the frequency of interest. It is important that the amplifier 
driving the AD7824/AD7828 analog inputs have sufficient loop 
gain at the input signal frequency as to make the output impedance 
low. 

Suitable op-amps for driving the AD7824/AD7828 are the AD544 
or AD644. 

INHERENT SAMPLE-HOLD 

A major benefit of the AD7824’s and AD7828’s analog input 
structure is its ability to measure a variety of high-speed signals 
without the help of an external sample-and-hold. In a conventional 
SAR type converter, regardless of its speed, the input must 
remain stable to at least 1/2LSB throughout the conversion 
process if rated accuracy is to be maintained. Consequently, for 
many high-speed signals, this signal must be externally sampled 
and held stationary during the conversion. The AD7824/AD7828 
input comparators, by nature of their input switching inherently 
accomplish this sample-and-hold function. Although the conver¬ 
sion time for AD7824/ AD7828 is 2jxs, the time for which any 
selected analog input must be 1/2LSB stable is much smaller. 
The AD7824/AD7828 tracks the selected input channel for 
approximately Ifxs after conversion start. The value of the analog 
input at that instant (1|jls from conversion start) is the measured 
value. This value is then used in the least significant flash to 
generate the lower 4-bits of data. 

SINUSOIDAL INPUTS 

The AD7824/AD7828 can measure input signals with slew rates 
as high as 157mV/p-s to the rated specifications. This means that 
the analog input frequency can be up to lOkHz without the aid 
of an external sample and hold. Furthermore, the AD7828 can 
measure eight lOkHz signals without a sample and hold. The 
Nyquist criterion requires that the sampling rate be twice the 
input frequency (i.e., 2 x lOkHz). This requires an ideal anti-alias¬ 
ing filter with an infinite roll-off. To ease the problem of anti-alias¬ 
ing filter design, the sampling rate is usually much greater than 
the Nyquist criterion. The maximum sampling rate (Fmax) for 
the AD7824/AD7828 can be calculated as follows: 



Figure 9. RC Network Model 


1 


tcRD + tp 
1 


2E-6 + 0.5E-6 


400kHz 


tcRD = AD7824/AD7828 Conversion Time 
tp = Minimum Delay Between Conversion 


The time for which the input comparators track the analog 
input is approximately l|xs at the start of conversion. Because of 
input transients on the analog inputs, it is recommended that a 


This permits a maximum sampling rate of 50kHz for each of 
the 8 channels when using the AD7828 and lOOkHz for each of 
the 4 channels when using the AD7824. 
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UNIPOLAR OPERATION 

The analog input range for any channel of the AD7824/AD7828 
is 0 to 5V as shown in the unipolar operational diagram of Figure 
10. Figure 11 shows the designed code transitions which occur 
midway between successive integer LSB values (i.e., 1/2LSB, 
3/2LSB, 5/2LSB,i FS-3/2LSBs). The output code is Natural 
Binary with 1LS$ = FS/256 = (5/256)V = 19.5mV. 



•ADDITIONAL PINS OMITTED FOR CLARITY, 
ONLY CHANNEL 1 SHOWN 


Figure 10. AD7824/AD7828 Unipolar 0 to 5V Operation 


OUTPUT 

CODE full scale 


TRANSITION 



AIN, INPUT VOLTAGE (IN TERMS OF LSB'S) 


Figure 11. Ideal Input/Output Transfer Characteristic for 
Unipolar 0 to +5V Operation 


BIPOLAR OPERATION 

The circuit of Figure 12 is designed for bipolar operation. An 
AD544 op-amp conditions the signal input (Vin) so that only 
positive voltages appear at AIN 1. The closed loop transfer 
function of the op-amp for the resistor values shown is given 
below: 

AIN 1 = (2.5 - 0.625 Vjn) Volts 

The analog input range is ±4V and the LSB size is 31.25mV. 
The output code is complementary offset binary. The ideal 
input/output characteristic is shown in Figure 13. 


25kil 



•ADDITIONAL PINS OMITTED FOR CLARITY, 
ONLY CHANNEL 1 SHOWN 


Figure 12. AD7824/AD7828Bipolar ±4VOperation 



Figure 13. Ideal Input/Output Transfer Characteristic for 
±4V Operation 

TIMING AND CONTROL 

The AD7824/AD7828 has two digital inputs for timing and 
control. These are Chip Select (CS) and Read (RD). A READ 
operation brings CS and RD low which starts a conversion and 
latches the multiplexer address inputs (see Table I). There are 
two modes of operation as outlined by the timing diagrams of 
Figures 14 and 15. Mode 0 is designed for microprocessors 
which can be driv en into a WAIT state. A READ operation 
(i.e., CS and RD are taken low) starts a conversion and data is 
read when conversion is complete. Mode 1 does not require 
microprocessor WAIT states. A READ operation initiates a 
conversion and reads the previous conversion results. 


AD7824 

A1 AO 

AD7828 
A2 A1 

AO 

CHANNEL 

0 0 

0 

0 

0 

AINl 

0 1 

0 

0 

1 

AIN 2 

1 0 

0 

1 

0 

AIN 3 

1 1 

0 

1 

1 

AIN 4 


1 

0 

0 

AIN 5 


1 

0 

1 

AIN 6 


1 

1 

0 

AIN 7 


1 

1 

1 

AIN 8 


Table I. Truth Table for Input Channel Selection 
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MODE 0 

Figure 14 shows the timing diagram for Mode 0 operation. This 
mode can only be used for microprocessors which have a WAIT 
state facility, whereby a READ instruction cycle can be extended 
to accommoda te slo w memory devices. A READ operation 
brings CS and RD low, which latches the analog multiplexer 
address inputs and starts a conversion. The data bus (DB7-DB0) 
remains in the three-state condition until conversion is complete. 
There are two c onverter status outputs on the AD7824/AD7828, 
interrupt (INT) and ready (RDY) which can be used to drive 
the microprocessor READY/WAIT input. The RDY is an open 
drain output (no inter nal p ull-up device) which goes low on the 
falling edge of CS and RD and goes high impedance at the end 
of conversion, when the 8-bit conversion result appears on the 
data outputs. If the RDY output status is not required, then the 
external pull-up resistor can be omitted. The INT input goes 
low when con versi on is complete and returns high on the rising 
edge of CS or RD. 


MODE 1 

Mode 1 operation is designed for applications where the micro¬ 
processor is not forced into a WAIT state. A READ operation 
takes CS and RD low, which latches the multiplexer address 
inputs and triggers a conversion (see Figure 15). Data from the 
previous conversion is read from the three-state data outputs 
(DB7-DB0). This data may be disregarded if not required. The 
RDY output (open drain output) is low for the duration of the 
READ operation and goes high impedance on the rising edge of 
CS or RD. If the RDY output status is not required, then the 
external pull-up resistor can be omitted. At the end of conversion 
INT goes low. A second READ operation is required to access 
the new conversion result. This READ operation latches a new 
addre ss into the multiplexer inputs and starts another conversion. 
INT returns high at the end of the second READ operation, 
when CS and RD returns high. A delay of 2.5|xs must be allowed 
between READ operations. 



Figure 74, Mode 0 Timing Diagram 
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MICROPROCESSOR INTERFACING 

The AP7824/AD7828 is designed to interface to microprocessors 
as Read Only Memory (ROM). Analog channel selection, c on- 
version start and data read operations are controlled by CS, RD 
and the channel address inputs. These signal are common to all 
memory peripheral devices. 

Z80 MICROPROCESSOR 

Figure 16 shows a typical AD7824/AD7828 - Z80 interface. 

The AD7824/AD7828 is operating in Mode 0. Assume the ADC 
is assigned a memory block starting at addre;ss COOO. The following 
LOAD instruction to any of the addresses listed in Table II will 
start a conversion of the selected channel and read the conversion 
result. 

LD B, (COOO) 

At the beginning of the instruction cycle when the ADC address 
is selected, RDY asserts the WAIT input, so that the Z80 is 
forced into a WAIT state. At the end of conversion RDY returns 
high and the conversion result is placed in the B register of the 
microprocessor. 



Figure 16. AD7824/AD7828-Z80 Interface 


MC68000 MICROPROCESSOR 

Figure 17 shows a MC68000 interface. The AD7824/AD7828 is 
operating in Mode 0. Assume the ADC is again assigned a memory 
block starting at address COOO. A MOVE instruction to apy of 
the addresses in Table II starts a conversion and reads the con¬ 
version result. 

MOVE-B $C000,D0 

Once conversion has begun, the MC68000 inserts WAIT states, 
until INT goes low asserting DTACK at the end of conversion. 
The microprocessor then places the conversion results in the DO 
register. 



Figure 17. AD7824/AD7828-MC68000 Interface 


TMS32010 MICROCOMPUTER 

A TMS32010 interface is shown in Figure 18. The AD7824/ 
AD7828 is operating in Mode 1 (i.e., no |xP WAIT states). The 
ADC is mapped at a port address. The following I/O instruction 
starts a conversion and reads the previous conversion result into 
the accumulator. 

IN, A PA (PA = PORT ADDRESS) 

The port address (000 to 111) selects the analog channel to be 
converted. When conversion is complete a second I/O instruction 
(IN, A PA) reads the up-to-date data into the accumulator and 
starts another conversion. A delay of 2.5|uls must be allowed 
between conversions. 


ADDRESS 

AD7824 

Channel 

AD7828 

Channel 

COOO 

1 

1 

cool 

2 

2 

C002 

3 

3 

C003 

4 

4 

C004 

- . 

5 

COOS 

- 

6 

C006 

- 

7 

C007 

- 

8 


Table II. Address Channel Selection 


PA2 

PA1 

PAO 

TMS32010 


A2** 

A1 

AO 

AD7824* 

CS AD7828* 

RD 

DB7 

DBO 




DEN 

D7 

DO 




DATABUS 




1 IMCADnon liTDV 





OMITTED FOR CLARITY 



( 

A2 IS FOR THE AD7828 ONLY 



___1 


Figure 18. AD7824/AD7828-TMS32010 Interface 


3-310 NEW PRODUCTS - ICs 






SPEECH 

INPUT 


+ 5V 



3 


Figure 19. Speech Analysis Using Real-Time Filtering 


+ 5V SAMPLE 



Figure 20. 4-Channel Fast Infinite Sample-and-Hold 
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OUTLINE DIMENSIONS 

Dimensions shown in inches and (mm). 

24-PlN PLASTIC (SUFFIX N) 28-PIN PLASTIC DIP (SUFFIX N) 



24-PIN CERDIP (SUFFIX Q)* 28-PIN CERDIP (SUFFIX Q)* 



LEAD NO. 11DENTIFIED BY DOT OR NOTCH 
LEADS ARE SOLDER OR TIN PLATED KOVAR OR ALLOY 42 



NOTE 

’Analog Devices reserves the right to ship either cerdip or ceramic hermetic packages. 
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ANALOG 

DEVICES 


FEATURES 

12-Bit CMOS MDAC with Output Amplifier 
4-Quadrant Multiplication 
Guaranteed Monotonic (T^in to T^ax) 

Space-Saving 0.3", 24-Pin Package 

Application Resistors on Chip for Gain Ranging, Etc. 

Low Power LC^MOS 

APPLICATIONS 
Automatic Test Equipment 
Digital Attenuators 
Programmable Power Supplies 
Programmable Gain Amplifiers 
Digital to 4-20mA Converters 


AD7845 FUNCTIONAL BLOCK DIAGRAM 


<21W22W23W24> 


;4R S2R 5 2R 5R 


12-BIT 

MULTIPLYING DAC 


12-BIT 

DATA LATCH 



CONTROL 


LOGIC 


GENERAL DESCRIPTION 

The AD7845 is the industry’s first full 4-quadrant multiplying 
D/A converter with an on-chip amplifier. It also contains data 
latches for easy microprocessor interfacing and application resistors 
for gain ranging, offsetting the output voltage, etc. 

The Linear Compatible CMOS (LC^MOS) process used in th^-1 
manufacture of the AD7845 has been specifically develope^^t^^ 
allow high-speed digital logic inputs and precision analog cifctuXs 
to be integrated on the same chip. 

The device is housed in a 0.3", 24-pin p|plEt|eS;'jAe< fl^ata^ ^ 
inpu ts drive latches which are cont]^^^d'||^y C$ and 

signals, making microprocess oHi^ r&ing sin^e||For^ % 
stand-alone operation, the CS and inputs 
ground, making all latches transparent. All ^^al mp^ts are ^ 
TTL and 5V CMOS compatible. 

The output amplifier can supply ± lOV into a 2kfl load. It is 
internally compensated and its input offset voltage is very low 
due to laser trimming at wafer level. For normal operation, Rfb 
is tied to Vour but the user may alternatively choose Ra, Rb or 
Rc to scale the output voltage range. 

PRODUCT HIGHLIGHTS 

1. Voltage Output Multiplying DAC: 

The AD7845 is the first DAC which has a full 4-Quadrant 
multiplying capability and an output amplifier on-chip. All 
specifications include amplifier performance. 


2. Space Saving: 

The AD7845 ives space in two ways. The integration of the 
outpufoiiS|pSft on-chip means that chip count is reduced. 
TJfi p^^A^oused in a new 24-pin, 0.3" package which 
t^g p^aif the space of the old 24-pin double DIP 




MflON 



14 DBO (LSB) 
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CDirPICirATinilCl^<»= +12Vto+15V,±10%.Vss= -12Vto-15V,±10%.VRBr= +10V,AGND = DGND=0V, 
ut^EuirUjHI lUli^ VourCiHnl) connected to Rre (Pin 24). All specrfiGationsTnyn to Tnax unless ott^ 



AD7845JN 

AD7845KN 

AD7845LN 






Parameter 

AD784SAQ AD7845BQ 

AD7845CQ 

AD7845SQ 

AD7845TQ AD7845UQ Units 

Test Conditions/Comments 

ACCURACY 








^REF 

Resolution 

12 

12 

12 

12 

12 

12 

Bits 

1LSB = 2*2 =2.4mV 

Relative Accuracy 

±2 

±1 

±1/2 

±2 

±1 

±1/2 

LSBmax 

All grades are guaranteed 

Differential Nonlinearity 

± 1 

±1 

±1 

±1 

±1 

±1 

LSB max 

monotonic over temperature. 

Zero Code Offset Error 

Offset Temperature Coefficient; 

±2 

±1 

±1 

±2 


±1 

mV max 

DAC register loaded with all O’s. 

(AOffset/ATemperature)^ 

±5 

±5 

±5 

±5 

±5 

±5 

p-V/^C max 


Gain Error 

±16 

±4 

±1 

±16 

±4 

±1 

LSBmax 

Rfb> VouT connected. 


+ 16 

±4 

±1 

±16 

±4 

±1 

LSBmax 

Rc> VouT connected, Vref = + 5V 


±16 

±4 

±1 

±16 

±4 

±1 

LSBmax 

Rbj Vout connected, Vref = + 5 V 


±16 

±4 

±1 

±16 

±4 

±1 

LSB max 

R A, Voirr connected, Vrp!f=2.5V 

Gain Temperature Coefficient; 









(AGain/ATemperature)^ 

±5 

±5 

±5 

±5 

±5 

±5 

ppm/Xmax 

Typical value is 1 ppm/“C 

REFERENCE INPUT 









Input Resistance, Pin 17 

5 

5 

5 

5 

5 

5 

kHmin 

Typical input resistance = lOkH 


20 

20 

20 

20 

20 

20 

kllmax 


DIGITAL INPUTS 









ViH (Input High Voltage) 

2.4 

2.4 

2.4 

2.4 

2.4 

2.4 

Vmin 


ViL (Input Low Voltage) 

ViN (Input Current) 

0.8 

0.8 

0.8 

0.8 

0.8 

0.8 

Vmax 


+ 25°C 

±1 

±1 

±1 

±1 

±1 

±1 

p.Amax 

Digital Inputs at OV 

T™i„toT„,„„ 

±10 

±10 

±10 

±10 

±10 

±10 

(xAmax 

and Vdd 

Gin (Input Capacitance) 

7 

7 

7 

7 

7 

7 

pFmax 


POWER SUPPLY 









Vdd Range 

10.2/ 

10.2/ 

10.2/ 

10.2/ 

10.2/ 

10.2/ 

Vmin/V max 

Specifications guaranteed 


16.5 

16.5 

16.5 

16.5 

16.5 

16.5 


over this range. 

Vss Range 

-10.8/ 

-10.8/ 

-10.8/ 

-10.8/ 

-10.8/ 

-10.8/ 

V min/V max 



-16.5 

-16.5 

-16.5 

-16.5 

-16.5 

-16.5 

V min/V max 


Power Supply Rejection 









AGain/AVoD 

±0.2 

±0.2 

±0.2 

±0.2 

±0.2 

±0.2 

% per % max 

^Vdd= VoDmax "VDDmin 

AGaih/AVss 

±0.2 

±0.2 

±0.2 

±0.2 

±0.2 

±0.2 

% per % max 

AVss = VsSinax ” Vssmin 

Idd 

5 

5 

5 

5 

5 

5 

mAmax 

CS low, all other digital 
inputs high, Voirr unloaded' 

Iss 

4 

4 

4 

4 

4 

4 

mAmax 

VouT unloaded. 

DYNAMIC PERFORMANCE 









Output Voltage Settling Time 

5 

5 

5 

5 

5 

5 

p,smax 

To 0.01% of full-scale range. 
VouTload = 2ka, lOOpF. 

DAC register alternately loaded 
with all O’s and all I’s. 

Slew Rate 

5 

5 

5 

5 

5 

5 

V/ps typ 

VouTload = 2kD,100pF 

Digital'to-Analog 

1000 

1000 

1000 

1000 

1000 

1000 

nV-sectyp 

Me^ured with Vref=OV, 

Glithc Impulse 








DAC Register alternately loaded 
with all O’s and all I’s. 

Multiplying Feedthrough Error 

5 

5 

5 

5 

5 

5 

mVp-ptyp 

Vref= ± lOV, lOkHzsinewave. 
DAC register loaded with all O’s. 

At Ta= 25°C, error is 3mVp-p typ. 

Unity Gain Small Signal 

Bandwidth 

1 

1 

1 

1 

> 


MHz typ 

DAC Register loaded with all 1 ’s. 
Vref= ± lOOmV sinewave. 

Full-Power Bandwidth 

100 

100 

100 

100 

100 

100 

kHz typ 

DAC register loaded with all I’s. 

Vref = ± lOV sinewave Rl = 2kn. 
Cl=100pF 

Total Harmonic Distortion 

-80 

-80 

-80 

-80 

-80 

-80 

dBtyp 

Vref = 6V RMS, IkHz sinewave 

OUTPUT CHARACTERISTICS 









Open Loop Gain 

90 

90 

90 

90 

90 

90 

dBmin 

Voirr» Rfb not connected. 
VouT=±10V,RL = 2kft 

Output Voltage Swing 

±10 

±10 

±10 

±10 

±10 

±10 

Vmin 

RL=2kft,CL=100pF 

Output Resistance 

0.5 

0.5 

0.5 

0.5 

0.5 

0.5 

a typ 


Short Circuit Current 

40 

40 

40 

40 

40 

40 

mAtyp 

VouT shorted to AGND. 

Output Noise Voltage 

50 

50 

50 

50 

50 

50 

nV/Vllztyp 

Includes noise due to output 

Density (lOHz-lOOkHz) 








amplifier and Johnson Noise of Rfb. 


NOTES 

'Temperature ranges are as follows: JN, KN, LN Versions: 0 to + 70°C. 


AQ, BQ, CQ Versions: - 25°C to + SS^C 
SQ,TQ,UQVersions: ^55°Cto + IZS’C 
^Guaranteed by Product Assurance testing. 

^The metal lid on the ceramic package is connected to Pin 12 (DGND). 
Specifications subject to change without notice. 
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FEATURES 

Update Rates to 125MHz 
Low Glitch Energy 
Complete Composite Inputs 
On-Chip Reference Voltage 
Single - 5.2V Power Supply 

APPLICATIONS 
Raster Scan Displays 
Color Graphics 
Automated Test Equipment 
TV Video Reconstruction 


AD9700 FUNCTIONAL BLOCK DIAGRAM 


REFERENCE WHITE 


GENERAL DESCRIPTION 

The AD9700 digital-to-analog converter is a monolithic device 
capable of accepting eight bits of digital data at update rates as 
high as 125MHz. On-chip registers on the data lines help minimize 
“glitches” in the output signal. 

Incorporating the AD9700 into system designs is eased by its 
blanking, sync, 10% brightness, and reference white control 
signals. An on-board reference eliminates the need for external 
circuits, making it considerably easier to design the AD9700 
into high-speed applications than it is for converters which do 
not have this feature. 



The unit is housed in a 22-pin package; operates from a single 
-5.2V power supply; and dissipates only 650mW, making this 
the smallest, lowest power D/A converter available to design 
engineers who need true “graphics ready” converters for raster 
scan, color graphics, and other high-speed systems. 

This device is a natural extension of the Analog Devices advanced 
technology that produced the first hybrid converters which 
included composite capabilities. Like the earlier HDG-Series 
D/A converters, the AD9700 is designed to have general output 
compatibility with El A Standards RS-170 and RS-343. 


Five versions of the AD9700 are available. The AD9700BW 
(non-hermetic) and AD9700BD (hermetic) are DIP units operating 
over a temperature range of - 25°C to + 85®C; the hermetic 
DIP AD9700SD is for use over a temperature range of - 55°C 
to + 125°C. The AD9700BE and AD9700SE are leadless chip 
carrier (LCC) devices for temperature ranges of - 25°C to -I- 85°C 
and -55°C to + nSX, respectively. The SD and SE versions 
are available screened to military requirements; contact the 
factory for details. 


This four-page data summary contains key specifications to speed your selec¬ 
tion of the proper solution for your application. Additional information on this 
product can be obtained from your local sales office. 
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SPECIFICATIONS 


(typical @ +251! with nominal power supplies unless otherwise noted) 


AD9700BD/BW* 


AD9700SD2 


RESOLUTION 


Bits 


LEAST SIGNIFICANT BIT (LSB) WEIGHT 
Voltage (adjustable) mV 

Current (adjustable) (j,A 


2.5 

67 


MECHANICAL DIMENSIONS 

Dimensions shown in inches and (mm). 

_i.oeo ±0.011 _ 


ACCURACY (GS = Gray Scale; FS = Full Scale) 

Linearity ±%GS 0.2 

Differential Linearity ±%GS,max 0.2 

Integral Linearity ±%GS,max 0.2 

Zero Offset (Initial) Voltage mV (max) 0.3 (0.9) 

Monotonicity Guaranteed 


(27.43 ±0JI) 




0.39S *0.008 


DENOTES ran I I.OCATION 


TEMPERATURE COEFFICIENTS 
Linearity 
Gain 

Zero Offset 


ppm/*’C(max) 
ppm/°C (max) 
ppm/“C (max) 


15 

50 

10 


*(30) 

*(125) 

*(15) 


DYNAMIC CHARACTERISTICS - GRAY 
SCALE OUTPUT’ 

Settling Time to 0.4% GS; 

OV to 637.5mV GS change 

Voltage n&(max) 

Update Rate^ MHz (min) 

Slew Rate V/ps 

Rise Time ns 

Glitch Impulse’ pV-s 


10 ( 12 ) 

125(100) 

300 

2 



DIGITAL DATA INPUTS 
Logic Compatibility 
Coding 
Logic Levels 

“ 0 ” 

Loading (each bit) 


ECL 

Complementary Binary (CBN) 

V (min/max) - 0.9 (— 1.1./ - 0.6) 

V (min/max) -1.7 (- 2.0/ -1.5) 

5pFand50knto-5.2V 


STROBE INPUT 
Logic Compatibility 
Logic Levels 
“ 1 ” 

“ 0 ” 

Loading 

Setup Time (Data) 
Hold Time (Data) 
Propagation Delay 



V(min/max) 
V (min/max) 


ns, min 
ns (max) 


ECL 

-0.9(-l.l/-0.6) 
~1.7(-2.0/-1.5) 
5pFand50kDto -5.2V 

2.5 

1.5 
4(5) 


(10.16 ±0.25)^ 
AT STAND OFF 


10% BRIGHT, REFERENCE WHITE, 
COMPOSITE SYNC, AND COMPOSITE 
BLANKING INPUTS 
Logic Compatibility 
Logic Levels 
“ 1 " 

“ 0 ” 

Loading 


Models AD9700BD, AD9700BW, and AD9700SD 

28-TERMINAL LEADLESS CHIP CARRIER 
JEDECTYPEC 

Dimensions shown in inches and (mm). 


V (min/max) 

V (min/max) 


ECL 

-0.9(-l.l/-0.6) 

-1.7(-2.0/-1.5) 

5pFand50knto-5.2V 


SPEED PERFORMANCE - CONTROL INPUTS 
Settling Time to 10% of Final Value for: 

10% Bright ns, max 

Reference White ns, max 

Composite Sync ns, max 

Composite Blanking ns, max 


10 

10 

10 

10 


SETUPCONTROL 
Ground 
Open 

Ik to-5.2V 
-5.2V 


mV (IRE Units) 
mV (IRE Units) 
mV (IRE Units) 
mV (IRE Units) 


0 ( 0 ) 

53.25(7.5) 

71(10) 

142(20) 



Models AD9700BE and AD9700SE 

(Pins numbered clockwise) 
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Parameter 

Units 

AD9700BD/BW* 

AD9700SD2 

ANALOG OUTPUT 

GS Current* 

mA 

Oto- 17 

* 

GS Voltage^ 

mV(±l%) 

0 to-637.5 

* 

Compliance 

V 

-1.2 to +0.1 

* 

Internal Impedance 

ft (min/max) 

800(680/920) 

* 

REFERENCE WHITE® 

Current 

Logic “1” 

mA(±4%) 

Normal Operation 


Logic “0” 

mA(±4%) 

Oor-1.9 

* 

Voltage 

Logic “1” 

mV (±4%) 

Normal Operation 

* 

Logic “0” 

mV (±4%) 

Oor-71 

* 


10% BRIGHT’ 


Current 


Logic “1” 

Logic “0” 

Voltage 

Logic “1” 

Logic “0” 

mA(±5%) 

mA(±5%) 

mV (±5%) 
mV (±5%) 

-1.9 

0 

-71 

0 

* 

COMPOSITE SYNC’’*® 

Current 

Logic “T* 

mA(±4%) 

0 

★ 

Logic “0” 

mA(±4%) 

-7.6 

* 

Voltage 

Logic “1” 

mV (±4%) 

0 

* 

Logic “0” 

mV (±4%) 

-285 


COMPOSITE BLANKING’’*® 

(Assumes Setup is Open, Which is 
Equivalent to 7.5 IRE Units) 

Current 

Logic “1” 

mA(±4%) 

0 


Logic “0” 

mA (± 4%) 

-1.4 

★ 

Voltage 

Logic “1” 

mV (±4%) 

0 

* 

Logic “0” 

mV (±4%) 

-53.25 

* 

VOLTAGE REFERENCE TOLERANCE 
(Deviation from Nominal -1.26V) 

mV (max) 

1+ 

o 

* 

POWER REQUIREMENTS 
-5.2V ± 0.25V 

mA (max) 

125(140) 

* 

Power Supply Rejection Ratio 

%/V 

0.025/0.25 

* 

Power Dissipation 

mW (max) 

650(728) 


TEMPERATURE RANGE 

Operating (Case) 

°C 

-25 to+85 

-55 to+ 125 

Storage 

°C 

-55 to+ 150 

★ 

THERMAL RESISTANCE* * 

Junction to Air, Oja (Free Air) 

"C/W, max 

55 

* 

Junction to Case, Ojc 

°C/W,max 

15 

* 

MTBF*^ 

Mean Time Between Failures 

Hours 

1.95x10* 

* 


PIN DESIGNATIONS 

MODELS AD9700BD, AD9700BW, and AD9700SD 


PIN 

FUNCTION 

PIN 

FUNCTION 

1 

GROUND 

12 

GROUND 

2 

-5.2V 

13 

OUTPUT 

3 

BIT 1 (MSB) 

14 

CURRENTSET 

4 

BIT 2 

15 

COMPENSATION 

5 

BIT 3 

16 

REFERENCE WHITE 

6 

BIT4 

17 

COMPOSITE SYNC 

7 

BITS 

18 

COMPOSITE BLANKING 

8 

BITS 

19 

10% BRIGHT 

9 

BIT7 

20 

GLITCH ADJUST 

10 

BIT8(LSB) 

21 

SETUP 

11 

STROBE 

22 

GROUND 


NOTE: CONNECT PINS 1,12, AND 22 TOGETHER AND TO 
GROUND AS CLOSE TO CASE AS POSSIBLE. 


PIN DESIGNATIONS 
MODELS AD9700BE, AD9700SE 


PIN 

FUNCTION 

PIN 

FUNCTION 

1 

GROUND 

15 

GROUND 

2 

GROUND 

16 

OUTPUT 

3 

GROUND 

17 

-5.2V 

4 

-5.2V 

18 

CURRENTSET 

5 

BIT 1 (MSB) 

19 

COMPENSATION 

6 

BIT 2 

20 

REFERENCE WHITE 

7 

BIT 3 

21 

COMPOSITE SYNC 

8 

BIT 4 

22 

NO CONNECTION 

9 

BITS 

23 

COMPOSITE BLANKING 

10 

BIT 6 

24 

10% BRIGHT 

11 

BIT 7 

25 

GLITCH ADJUST 

12 

BIT 8 

26 

SETUP 

13 

STROBE 

27 

-5.2V 

14 

NC 

28 

Vbb 


NOTE; CONNECT PINS 1.2,3, AND IS TOGETHER AND TO 
GROUND AS CLOSE TO CASE AS POSSIBLE. 


NOTES 

'Electrical specifications for AD9700BE same as AD9700BD/BW. 

^Electrical specifications for AD9700SE same as AD9700SD. 

’Settling to GS percentage includes FS and MSB transitions. 

Inherent 3ns register delay (50% jjoints) is not included. 

‘‘Minimum update rate limited by full-scale settling time for eight bits. 

Unit can be updated to 125MHz. 

’Glitch can be reduced with glitch adjustment. 

*FS current = GS current + video functions = 30mA. 

^LSB value of 2.5mV used for calibration. This causes Gray Scale output to 
to be 637.5mV rather than 643mV shown in idealized composite waveform 
elsewhere in this data sheet; both values are well within the output and EIA 
Standard RS-I70 tolerances. Iqut = (1-26/Rset) 4 when Rset = 300rt. 

^Effect on analog output of logic “0” at Reference White input depends on signal 
at 10% Bright input (see Table I). 

’10% Bright, Composite Sync, and Com{x>site Blanking outputs shown add to 
Gray Scale analog output at Pin 13. 

'"Composite Sync or Composite Blanking control signals reset input registers. 
Composite Sync or Composite Blanking should not be operated simultaneously 
with Reference White. 

"Maximum junction temperature = 150°C. 

'^Calculated using MIL HNBK-217; Ground Fixed; +25°C Ambient. 

* Specifications same as AD9700BD/BW. 

Specifications subject to change without notice. 



Idealized Composite Output Waveform 
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Bit 

Bit 

Bit 

Bit 

Bit 

DIGITAL INPUTS VS. ANALOG OUTPUT 

Bit Bit Bit 10% Ref. 


Comp. 

Analog 

1 

2 

3 

4 

5 

6 

7 

8 

Bright 

White 

Blanking 

Sync 

Output (mV) 

1 

1 

1 

1 

1 

1 

1 

1 

0 

I 

1 

1 

0 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

-71 

1 

0 

0 

0 

0 

0 

0 

0 

0 

1 

1 

1 

-320 

0 

0 

0 

0 

0 

0 

0 

0 

0 

I 

1 

1 

-637.5 

0 

0 

0 

0 

0 

0 

0 

0 

1 

1 

1 

1 

-708.5 

X 

X 

X 

X 

X 

X 

X 

X 

0 

0 


1 

0 

X 

X 

X 

X 

X 

X 

X 

X 

1 

0 

1 

1 

-71 

X 

X 

X 

X 

X 

X 

X 

X 

0 

1 

0 

1 

-637.50' 

X 

X 

X 

X 

X 

X 

X 

X 

0 

1 

0 

1 

-690.75^ 

X 

X 

X 

X 

X 

X 

X 

X 

0 

1 

0 

1 

-708.50^ 

X 

X 

X 

X 

X 

X 

X 

X 

0 

1 

0 

1 

-779.50^ 

X 

X 

X 

X 

X 

X 

X 

X 

0 

1 

0 

0 

-922.50' 

X 

X 

X 

X 

X 

X 

X 

X 

0 

1 

0 

0 

-975.75^ 

X 

X 

X 

X 

X 

X 

X 

X 

0 

1 

0 

0 

-993.50^ 

X 

X 

X 

X 

X 

X 

X 

X 

0 

1 

0 

0 

-1064.50^ 

X 

X 

X 

X 

X 

X 

X 

X 

i 

1 

0 

0 

-993.50' 

X 

X 

X 

X 

X 

X 

X 

X 

1 

1 

0 

0 

-1046.75^ 

X 

X 

X 

X 

X 

X 

X 

X 

1 

1 

0 

0 

- 1064.50* 

X 

X 

X 

X 

X 

X 

X 

X 

1 

1 

0 

0 

- 1135.50“ 

NOTES 

'Senip(Pin 21)grounded cO IRE units). 
^SetuptPin21)openc7.5 IRE units). 

’Setup(Pin21)to -5.2Vthrough Ik (10 IRE units). 
*Setup(Pin21)to - 5.2V (20 IRE units). 

Analog output values shown are based on LSB value 

of 2.5niV used for ease of calibration; this causes Gray Scale output to be 637.5mV rather thar 

I 643mV shown 


elsewhere in this data sheet in sketch of idealized composite output. Both values are well within the output and EIA Standard RS-170 tolerances. 

Table!. 


USING AD9700 AS RASTER SCAN D/A 

Refer to the block diagram of the AD9700 D/A converter. 

The digital input bits represent the Gray Scale value of the 256 
(2^) discrete levels between Reference Black and Reference 
White in a composite video signal, and are applied to Pins 3 
through 10. 

The output analog signal (at Pin 13) will be a function of these 
digital inputs. The output will also be affected by the ECL 
levels at the control inputs of 10% Bright, Reference White, 
Composite Sync, and Composite Blanking; and the level of the 
control signal (expressed in terms of IRE units) at the Setup 
input. 

The total effect of these combined signals can be illustrated in a 
truth table format if arbitrary values are assigned for Gray scale 
inputs and various combinations of control inputs are selected. 

Refer to Table I. 

As the footnote to this figure points out, the full-scale (- 637.5mV) 
output of the AD9700 is different from the - 643mV output of 
the idealized composite waveform shown elsewhere in this data 
sheet. The reason for this discrepancy is Analog Devices* use of 
2.5mV for the value of the LSB; that choice of LSB weighting 
eases calibration of the converter. The disparity does not cause 
any problems in using the device, since both values are well 
within the tolerances of the output and the RS-170 standard. 

Referring again to the block diagram, the Strobe input applied 
to the AD9700 clocks the input registers when the strobe signal 
makes the transition from a logic “0** to a logic “1”. The purpose 
of the registers is to remove time skew from the digital input 
bits and minimize pertubations or **glitches’* in the analog output 
signal. 

The signal applied to the Reference White input sets the input 
registers, thereby overriding the video input word. When this 
occurs, the analog output of the AD9700 goes to OV or to - 71mV, 
depending upon whether or not the 10% Bright signal is also 
operated. 

A logic “0** applied to either the Composite Sync or Composite 
Blanking input will reset the input registers to 00000000. The 
analog output at Pin 13 will be -922.5mV (-637.5mV plus 
-285mV) if the Composite Sync input is operated; this is not 


affected by the value of IRE units at the setup input. 

When Composite Blanking is operated, the analog output will 
go to its full-scale value of -637.5mV plus some additional 
amoxmt, as determined by the voltage at setup. The - 53.25mV 
example used in the specifications section of the data sheet is 
based on the setup input floating, which is equivalent to 7.5 
IRE units. (For this example, the analog output would be 
690.75mV.) 

The internal voltage reference shown in the block diagram is a 
bandgap type. Including this reference within the converter 
eliminates the need for external circuits, making it markedly 
easier to design the AD9700 into various applications. The 
internal precision reference also provides superior power supply 
rejection and gain tempco. 

Details on the connections for using the AD9700 in composite 
video applications are shown in Figure 1. 



*Bioao = Biadddcr II Btermination 


Figure 7. AD9700 D/A Connections 
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ANALOG 

Triple 4-Bit 

DEVICES 

D/A Converter 


AD9702 


FEATURES 

ECL or TTL Compatible 

Composite Inputs 

125MHz Update Rates Minimum 

APPLICATIONS 
Raster Scan Displays 
Color Graphics Systems 
General Video Reconstruction 


GENERAL DESCRIPTION 

The AD9702 D/A Converter is a single monolithic IC containing 
three separate 4-bit digital-to-analog (D/A) converters for red, 
green, blue (RGB) graphics display applications; 4,096 colors 
are available to the user. Composite blanking, green sync, and 
reference white digital control inputs are also included. On-chip 
data registers and a capability for varying output drive make 
this a total functional solution for graphics displays. 

A unique TTL/ECL interface allows the designer a choice of 
logic compatibility for all inputs; this can be accomplished by 
applying either + 5V or ground to the Vcc pin* Internally, the 
registers and control switching signals operate at ECL logic 
levels to help assure low glitch impulse at the DAC outputs. 

The unit is housed in a 24-pin ceramic package and operates 
with -5.2V applied for the ECL mode; and -5.2V and 4-5V 
for TTL mode. Power dissipation is 1.3 watts for ECL operation 
and 1.5 watts for TTL. 

Monohthic devices are inherently less expensive and more reliable 
than hybrids. When combined with its small size and outstanding 
electrical characteristics, these attributes make the AD9702 D/A 
Converter the first choice for designers of next-generation, 
medium-resolution displays. 


AD9702 FUNCTIONAL BLOCK DIAGRAM 


STROBE 



GREEN SYNC 

GREEN BIT 1 
GREEN BIT 2 
GREEN BIT 3 



REFERENCE WHITE 
COMPOSITE BLANKING 



CURRENT SET 

RED OUTPUT 

GREEN OUTPUT 

BLUE OUTPUT 

GROUND 

GROUND 
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SPECIFICATIONS 


Parameter 


RESOLUTION 


LEAST SIGNIFICANT BIT (LSB) WEIGHT 
Voltage (Adjustable) 

Current (Adjustable) 


ACCURACY (GS = Gray Scale; FS = Full Scale) 
Linearity 

Differential Linearity 
Zero Offset (Initial) 

Monotonicity 

TEMPERATURE COEFFICIENTS 
Linearity 
Zero Offset 
Gain 

Gain Tracking 

DYNAMIC CHARACTERISTICS 
Settling Time - Voltage^ 
ECLMode(to±3.2%GS) 
TTLMode(to±3.2%GS) 

Update Rate 
ECLMode 
TTLMode 
Rise Time 
Glitch Impulse 


+251! with nominal power supplies unless otheiwise noted) 



±%GS 
±%GS,max 
mV, max 


0.8 

0.8 

0.5 

Guaranteed 


ppm/°C(max) 20(30) 

ppm/°C (max) 10(15) 

ppmy°C (max) 200 (400) 

ppm/°C 100 


MHz, min 
MHz, min 


Supply Voltages 
Vcc(PinlO) 
VEE(Pml7) 

Power Dissipation 
(Nominal Voltages) 
D/A Output Current 
Temperature 
Operating (Case) 
Storage 


-O.IV +1.0V 
-6.0V +0.3 

1.5W 


-55Xto +125°C 
-55Xto+150°C 


O.OV +6.0V 
-6.0V +0.3V 

1.8W 


-55°Cto + 125‘’C 
-SS^Cto + lSO^C 


DIGITAL INPUTS 



Logic Compatibility 


ECL/TTL 

Coding 


Binary (BIN) 

ECL Logic Levels 




V (min/max) 

-0.9(-l.l/-0.6) 

“0” 

V (min/max) 

-1.7(-2.0/-1.5) 

TTL Logic Levels 



“1” 

V (min/max) 

+ 3.5( + 2.0/+5.0) 

“0” 

V (min/max) 

+ 0.2 ( + 0.0/+0.8) 

Loading (Each Bit; with Typical 



Input Logic Levels) 



ECL“1” 

|xA/pF 

50/5 

ECL“0” 

fxA/pF 

-100/5 

TTL‘T” 

|xA/pF 

10/5 

TTL“0” 

mA/pF 

1.5/5 

Setup Time (Data) 



ECL 

ns, max 

2.5 

TTL 

ns, max 

3.5 

Hold Time (Data) 



ECL 

ns, max 

2 

TTL 

ns, max 

3 

Propagation Delay 



ECL 

ns (max) 

4(5) 

TTL 

ns (max) 

5(6) 

SPEED PERFORMANCE-CONTROL INPUTS 



ECL and TTL Settling Time to 10% of GS for: 



Reference White 

ns, max 

10 

Composite Blanking 

ns, max 

10 

Green Sync 

ns, max 

10 

10% Bright 

ns 

10 

RED, GREEN, AND BLUE ANALOG OUTPUTS 



Gray Scale Current 

mA 

Oto-16 

RefWhite^ = “0” 

mA 

0 

Ref White = “1” 

mA 

Normal Operation^ 

Composite Blanking*^ = “0” 

mA 

-1.4 

Composite Blanking = “1 ” 

mA 

Normal Operation 

Green Sync^ = “0” 

mA 

-7.6 

Green Sync = “1” 

mA 

Normal Operation 

Gray Scale Voltage 

mV 

0to-600(±l%) 

Ref White^ “0” 

mV 

0 

Ref White = “1” 

mV 

Normal Operation^ 

Composite Blanking'^ = “0” 

mV 1 

-53 

Composite Blanking = “1” 

mV 

Normal Operation 

Green Sync^ = “0” 

mV 

-285 

Green Sync = “1” 

mV 

Normal Operation 


MECHANICAL DIMENSIONS 

Dimensions shown in inches and (mm). 


l_o 



"11 

0.590 i:0.( 
(14,99 ±0, 

Jj 

_, 0.020 (0.5 

0.050 ±0.01 
I u (1.27 ±0.25< 


LEADS_ . 

±0.010 I 
. "■ —*-0.085 ±0.0( 


PIN DESIGNATIONS 

(As viewed from bottom) 


PIN 

FUNCTION 

PIN 

FUNCTION 

24 

GROUND 

1 

REFERENCE WHITE 

23 

GREEN SYNC 

2 

RED BIT 1 (MSB) 

22 

RED OUTPUT 

3 

REDBIT2 

21 

GREEN OUTPUT 

4 

RED BIT 3 

20 

CURRENTSET 

5 

REDBIT4(LSB) 

19 

GROUND 

6 

GREEN BIT 1 (MSB) 

18 

BLUE OUTPUT 

7 

GREEN BIT 2 

17 

Vee(-5.2V) 

8 

GREEN BIT 3 

16 

COMPOSITE BLANKING 

9 

GREEN BIT 4 (LSB) 

15 

STROBE 

10 

Vcc( + 5V OR GROUND) 

14 

BLUE BIT4 (LSB) 

11 

BLUE BIT 1 (MSB) 

13 

BLUE BIT 3 

12 

BLUE BIT 2 


NOTE; FOR NORMAL OPERATION, CONNECT PINS 19 AND 24 
TOGETHER AND TO LOW-IMPEDANCE GROUND 
PLANE AS CLOSE TO CASE AS POSSIBLE. 
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Parameter Units 

AD9702BD/BW 

RED, GREEN, AND BLUE ANALOG OUTPUTS (Cont.) 

Output Impedance O (min/max) 

Compliance V 

Matching ±%GS 

(Between any Two Gray Scale Outputs) 

RGB Outputs Time Skew ns, max 

RGB Outputs Crosstalk* mV 

(lOOMHz Bandwidth) 

Clock Noise on Outputs mV 

(lOOMHz Bandwidth) 

10k(5k/15k) 

+ 3.0to-1.2 NOTES 

1.0 'Settling to GS percentage includes FS and MSB transi¬ 

tions. Inherent 3ns register delay (50% points) is 
not included. 

^Digital “0” at Reference White control input (Pin 1) sets 
registers; red, green, and blue outputs go to zero. 

^In “normal operation,” GS current or GS voltage out- 

5 puts for red, green, and/or blue are established by RGB 

digital inputs. 

POWER REQUIREMENTS 

-5.2V±0.25V^ mA(max) 

+ 5V ± 0.25V (TTL Only) mA(max) 

Power Supply Rejection Ratio mV/mV 

ECL Power Dissipation W (max) 

TTL Power Dissipation W (max) 

resets registers; value shown is added to full-scale outputs 
7^0 (288) green, and blue outputs. Reference White and 

Composite Blanking should not be operated 
simultaneously. 

U5 ^Green Sync control signal (@ Pin 23) affects only Green 

1 .3 (1.5) Output (@ Pin 21); value shown is added to Green 

1.55(1.8) Output established by Green digital inputs (and by 

TEMPERATURE RANGE 

Operating (Case) °C 

Storage °C 

applied to Pin 16). 

— 25 to + 85 ‘Logic “0” digital inputs applied to D/A under test; fuU 

— 55 to + 150 h“ction “toggling” applied to active D/A. 

THERMAL RESISTANCE* 

Junction to Air, 0JA (Free Air) °C/W,max 

Junction to Case, 0jc °C/W, max 

‘Maximum junction temperature = 1S0‘X]. 

40 Specifications subject to change without notice. 

12 


THEORY OF OPERATION 

Refer to the Block Diagram of the AD9702 D/A Converter. 

The digital inputs are applied through TTL/ECL converters to 
registers within the AD9702; the purpose of the registers is to 
eliminate time skew from the inputs and help reduce glitch 
impulse in the output signals. The switching of the inputs through 
the registers to the three in t ernal D/A conver ters i s controlled 
by the St robe, Green Sync, Reference White, and Composite 
Blanking signals. 

When operating with ECL-compatible logic, Vee (-5.2V) is 
applied to Pin 17 and Pin 10 is connected to ground. Under 
these conditions, the TTL/ECL converters at the input are 
transparent to incoming signals and the signals are applied directly 
to the registers. Regardless of the logic levels of the digital 
inputs, the registers and control logic internal to the AD9702 
are operated at ECL levels to help assure maximmn switching 
speed and minimum glitch on the analog outputs. 

For TTL logic, Vcc ( + 5V) is applied to Pin 10 and -5.2V is 
applied to Pin 17. The positive voltage is used only on the 
TTL/ECL converters, and adds to the flexibility of the AD9702 
by allowing it to be compatible with both forms of logic generally 
encountered in graphics displays. 

There is an alternate method of operating with TTL logic without 
a need for -5.2V supplies. In this arrangement. Pins 10, 19, 
and 24 are connected to + 5V; and Pin 17 is grounded. In addition, 
digital inputs (RGB Bits 1-4) are connected to +5V through 
2k resistors on each input line. 

The disadvantage of this technique is that the output is referenced 
to the + 5V supply instead of ground. When this happens, the 
dc component of the output may exceed the general requirements 
of RS-170 and RS-343. In addition, any noise which is on the 
power supply can be coupled directly onto the video signal. 

One method of overcoming these potential problems is illustrated 
in Figure 1, Using AD9702 in TTL Mode. 


In this arrangement, the strobe signal is attenuated and shifted 
positively by a resistor network to minimize feedthrough of the 
clock signal. The digital input signals do not require the same 
kind of attenuation because their larger TTL swings do not 
present any problems. 

The pull-up resistors which are used on the inputs help assure 
proper digital “1” logic levels regardless of which TTL logic 
family is used. 

The PNP level shifter shown at the analog output in Figure 1 
eliminates the possible problems of TTL operation cited above. 
Most of the noise which might be present on the + 5V supply is 
cancelled by common mode rejection in this circuit; and level 
shifting helps insure the dc component of the output meets 
video standards. 

Minor linearity degradation and temperature drift which might 
be introduced by the level shifter are not discernible on most 
video displays. The level shifter circuit is repeated three times 
for the Red, Green, and Blue analog outputs of the AD9702. 

As shown in the block diagram a nd discussed in the Specifications 
section, a digital “0” level of the Reference White signal (at Pin 
1) is used to set the registers within the converter. This action 
causes the three (RGB) analog outputs to go to zero output. 

The Composite Blanking signal is applied to Pin 16; when a 
digital “0” level is used, it resets the registers and causes the 
three analog outputs to be - 17.4mA or - 653mV because of 
the amount added to the normal full-scale outputs. 

The Green Sync signal at Pin 23 has an effect only on the Green 
Output of the AD97 02 (at Pin 21). When this control and 
Composite Blanking are at a digital “O’* level, the value of the 
Green analog output will be - 25mA or - 938mV. 

Wh en control in puts Reference White, Composite Blanking, 
and Green Sync are at digital “1” levels, the RGB analog outputs 
at Pins 22, 21, and 18 will be a function of their corresponding 
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+ 5V 



Figure 1. Using AD9702 in TTL Mode (Single Supply) 


digital inputs. This is the “normal operation” referred to in the 
Specifications Table. 

Resistor Rset is connected between Pin 20, Current Set, and 
ground to establish the Gray Scale (GS) value of the RGB outputs. 
The value to be used is based on the desired full-scale GS output 
and the following equations: 

IqS = 5 X IsET 


Vqut- 


22 X Rload 
Rset 


When using these equations, typical values of Iset and Vqut 
(Gray Scale output) will be within ± 5%. 


The idealized green analog output is illustrated in Figure 1. 

The red and blue analog outputs are similar to the waveform 
shown in Figure 1, with the exception no sync portion is present 
on the Red and Blue outputs. 

Sync control inputs are not required for Red and Blue outputs 
because of the RGB signals being synchronized within the AD9702. 
The majority of applications for the AD9702 in graphics displays 
use the green sync as the synchronizing signal for the monitor. 

ORDERING INFORMATION 

The standard AD9702 triple four-bit D/A converter is supplied 
in hermetic and non-hermetic units. Both versions operate over 
a case temperature range of — 25°C to + 85°C. The hermetically- 
sealed ceramic DIP configuration is model number AD9702BD; 
the non-hermetic unit is AD9702BW. For special applications 
or units for military applications, contact the factory for details. 


ABSOLUTE 
IRE OUTPUT 
UNITS VOLTAGE 



Figure 2. Idealize Green Output Waveform 
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ANALOG 

DEVICES 


Ultra High-Speed 
10-Bit A/D Converters 


AD ADC-816 


FEATURES 

10-Bit Resolution 

800ns Conversion Time 

Six Input Ranges 

Unipolar and Bipolar Operation 

APPLICATIONS 
Data Acquisition Systems 
Radar Systems 
Analytical Instruments 
Real-Time Waveform Analysis 


GENERAL DESCRIPTION 

The AD ADC-816 A/D Converter is an ultra high-speed successive 
approximation converter capable of 10 bits of resolution with a 
conversion time of only 800ns. 

It is a thin-film hybrid, hermetically packaged in a 32-pin DIP. 
Three models span temperature ranges of 0 to + 70°C, - 25°C 
to +85°C, and -55°C to + 125°C. 


AD ADC-816 FUNCTIONAL BLOCK DIAGRAM 



MSB (BITI) 
BIT 2 
BITS 


BIT 6 
BIT 7 
BITS 
BITS 

LSBIBIT10) 
SERIAL DATA 
OUTPUT 

DATA READY 
CLOCK OUTPUT 


The AD ADC-816 can be incorporated into a wide variety of 
circuit and system applications with a minimum of external 
components and design effort. When used with the HTC-0300, 
HTC-0300A, HTC-0500, or other Analog Devices’ high-per¬ 
formance track-and-hold units, the AD ADC-816 A/D can be a 
cost-effective solution for a broad range of digitizing problems. 


The design offers the user flexibility in both input and output 
configurations. Six different analog inputs are available with 
strap options: OV to -5V; OV to - lOV; OV to -20V; ±2.5V; 
± 5V; and ± lOV. Output data are available in either serial or 
parallel format, also with external connections. 


Model number suffixes designate the various temperature ranges. 
The AD ADC-816KD operates over a range of 0 to + 70°C; the 
AD ADC-816BD is for - 25°C to + 85°C; and the AD ADC-816SD 
is for use in operating environments between — 55®C and 
+ 125°C. 


PIN DESIGNATIONS 


PIN 

FUNCTION 

PIN 

FUNCTION 

1 

POWER GROUND 

17 

-f5V POWER 

2 

-10V REFERENCE OUT 

18 

MSB (BIT 1) 

3 

-15V REFERENCE IN 

19 

MSB (BITI) 

4 

-15V POWER 

20 

BIT 2 

5 

-10V REFERENCE IN 

21 

BIT 3 

6 

SIGNAL GROUND 

22 

BIT 4 

7 

COMPARATOR GROUND 

23 

BIT 5 

8 

BIPOLAR INPUT 

24 

BIT 6 

9 

-5V ANALOG INPUT 

25 

BIT 7 

10 

-10V ANALOG INPUT 

26 

BIT 8 

11 

-20V ANALOG INPUT 

27 

BIT 9 

12 

-»■ 15V POWER 

28 

LSB(BITIO) 

13 

NC 

29 

SERIAL DATA OUT 

14 

NC 

30 

CLOCK OUTPUT 

15 

NC 

31 

ENCODE COMMAND 

16 

NC 

32 

DATA READY OUTPUT 


POWER GROUND (PIN 1), SIGNAL GROUND (PIN 6), AND 
COMPARATOR GROUND (PIN 7) MUST BE CONNECTED TO¬ 
GETHER AND TO LOW-IMPEDANCE GROUND FOR PROPER 
OPERATION. MAKE CONNECTIONS AS CLOSE TO DEVICE 
AS POSSIBLE. 


This four-page data summary contains key specifications to speed your selec¬ 
tion of the proper solution for your application. Additional information on this 
product can be obtained from your local sales office. 
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SPECIFICATIONS 


(typical at + 251 ! with nominal power supplies, unless otherwise noted) 


Parameter 

Units 

ADADC-816KD 

ADADC-816BD 

ADADC-816SD 

RESOLUTION (FS = Full Scale) 

Bits 

10 

* 

* 


%FS 

0.1 

* . 

* 

LSB WEIGHT 





5Vp-pFS 

mV 

4.88 

* 

★ 

lOVp-pFS 

mV 

9.76 

* 

* 

20Vp-pFS 

mV 

19.53 

★ 

* 

ACCURACY 





Nonlinearity 

LSB, max 

±1/2 

★ 

k 

Differential Nonlinearity 

LSB, max 

±1/2 

* 

k 

Monotonicity 


Guaranteed 

* 

* 

Nonlinearity Over Operating 





Temperature Range 

LSB 

1/2 

-k 

<1 

DYNAMIC CHARACTERISTICS 





Conversion Time 

ns, max* 

800 

4t 

900^ 

Conversion Time Tempco 

%/°C(max) 

±0.06(0.07) 

* 

* 

INPUT CHARACTERISTICS 

Analog Voltage Ranges 

Unipolar^ 





Input Pin 9 

V,p-pFS 

5 

★ 

* 

Input Pin 10 

V,p-pFS 

10, 

* 

* 

Input Pin 11 

V,p-pFS 

20 

* 

★ 

Bipolar 





Inputs Pins 8 and 9 

V,p.pFS 

±2.5 

* 

* 

Inputs Pins 8 and 10 

V,p-pFS 

±5 

* 

★ 

Inputs Pins 8 and 11 

V,p-pFS 

±10 

* 

* 

- lOV Reference Input 





(Pin 5) 

V (max) 

-10 (±0.2) 

* 

★ 

Impedance 





Unipolar 5V Input 


250 

* 

* 

Unipolar lOV Input 

a 

500 

★ 

* 

Unipolar 20V Input 

n 

1000 

k 

* 

Bipolar Input' 

n 

1000 

* 

* 

Reference 

n 

2000 

* 

* 

Gain Error Before Adjustment 





Unipolar 

%ofFS 

0.3 

k 

* 

Bipolar 

%ofFS 

0.2 

* 

* 

Gain Error vs. Temperature 





Unipolar 

ppm/°C max 

±37 

* 

* 

Bipolar 

ppm/°C max 

±28 

* 

* 

Zero Error Before Adjustment 





Unipolar 

%ofFS 

0.2 

* 

* 

Zero Error vs. Temperature 





Unipolar 

ppm/°Cmax 

±1/2 

* 

* 

Offset Error Error Before Adjustment 





Bipolar 

%ofFS 

0.1 

* 

* 

Offset Error vs. Temperature 





Bipolar 

ppm/°C max 

±23 

* 

* 

Reference Output Tempco 

ppm/°C max 

±20 

* 

* 

ENCODE COMMAND INPUT^ 





Logic Levels, 

V (max) 

“0”=+0.4( + 0.8) 

* 

* 

TTL-Compatible 

V, min (max) 

“1”= +2.0( + 5.5) 

* 

* 

Loading 

TTL Loads 

1 

* 

* 

Rise and Fall Times 

ns 

10 

* 

* 

Width 

ns, min 

40 

★ 

* 

Frequency 

MHz 

1.25 

* 

1.14 

DIGITAL OUTPUT CHARACTERISTICS 
Parallel 





@ Pins 19-28 + Pin 18 

Bits 

11(10+M^) 

* 

* 

Time Skew 

ns, max 

5 , 

* 

* 

Format 

Non-Return-to-Zero (NRZ) 

* 

* 

Series 





Pin 29 

Bits 

11(10 +MSB) 

* 

* 

Timing 

Successive decision pulses with MSB 
(or MSB) first; at internal clock frequency 

* 

* 

Format 

Non-Return-to-Zero (NRZ) 

* 

* 

Coding® 


I 



Unipolar Input 

Binary (BIN) 

1 

■k 

* 

Bipolar Input 

Offset Binary (OBN) or 

2’s Complement (2SC)^ 

* 

* 

Logic Levels, 

V,max 

“0” = +0.4 

* 

* 

TTL-Compatible 

V,min 

“1”= +2.4 

* 

k 

Loading 

TTL Loads 

2 

* 

k 
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Parameter 

Units 

ADADC-816KD 

ADADC-816BD 

ADADC-816SD 

CLOCK OUTPUT 





Format 


Series Train 

* 

it 

Amplitude 





Minimum/Maximum 

V 

0/ + 5 

* 

* 

Width 

ns (min) 

25(20) 

* 

it 

Frequency 

MHz 

14.3 

* 

it 

REFERENCE OUTPUT^ 

Voltage 

V (max) 

10 (±0.02) 

★ 

it 

Current (sink only) 

mA 

0 to -h 20 

* 

•k 

Impedance 

Ohms, max 

10 

* 

it 

DATA READY OUTPUT 





Signal Status 

Logic “ 1 ” during reset and conversion 

it 



Logic “0” when conversion is complete 

it 

★ 

Logic Levels, 

V,max 

“0”= -1-0.4 

* 

* 

TTL-Compatible 

V,min 

“1”= 4-2.4 

* 

* 

Loading 

TTL Loads 

4 

* 

it 

Rise and Fall Times 

ns, max 

5 

* 

* 

POWER REQUIREMENTS® 





+ 15V ±2%(Pin 12, Power) 

mA, max 

105 

* 

k 

-15V ±3% (Pin 4, Power) 

mA,max 

25 

* 

* 

- 15V ± 3% (Pin 3, Reference) 

mA,max 

35 

* 


+ 5V ±5% (Pin 17) 

mA, max 

180 

★ 

★ 

Power Consumption’ 

W,max 

2.9 

* 

* 

Power Supply Rejection Ratio 





(PSSR) for Rated Supplies 

LSB,max 

1/2 

* 


TEMPERATURE RANGE 





Operating 

°C 

Oto -f 70 

-25to-f-85 

-55 to+ 125 

Storage 

°C 

-65 to 4-150 

* 

it 

THERMAL RESISTANCE* * 

Junction to Air, Oja 





(Free Air) 

°C/W 

32 

* 

it 

Junction to Case,0jc 

°C/W 

13 

* 

it 

MTBF'** 





Mean Time Between Failures 

Hours 



1.65 xlO^ 


NOTES _ 

‘ Measu red from leading edge Encode Command to trailing edge Data 
Ready; use trailing edge to strobe output data into external circuits. 
^AD ADC-816SD maximum conversion time shown is at full 
operating temperature. 

^Bipolar input (Pin 8) must be tied to ground. 

‘‘Logic “1” resets converter; logic “0” initiates conversion. 

^All coding is inverted analog. 

*Two’s Complement available for parallel output only. 

^To use internal reference, connect - 15V REFERENCE IN (Pin 3) to 

- 15V POWER (Pin 4); and - lOV REFERENCE OUT (Pin 2) to 

- lOV REFERENCE IN (Pin 5). To use external reference, leave 
Pins 2 and 3 open or grounded; connect external reference to Pin 5. 

If Pin 3 is left open or grounded, internal reference is disabled 

and power decreases approximately 200mW. 

“Bypass power supplies with lp.F electrolytic capacitors and 0.1 p.F 
ceramic capacitors as close to supply pins as possible. 

’Power dissipation shown is based on OV analog input. 

'“Minimum air flow of 400 linear feet per minute (LFPM) is 
recommended for operating temperatures above -l-70'’C. 

At elevated temperatures, unit should be mounted directly to 
printed circuit board (PCB) without a socket; good thermal contact 
must be maintained between bottom of device and PCB. 

"Maximum junction temperature is + 150°C. 

'^Calculated for “SD” version using MIL-HNBK 217; Ground Fixed; 

+ 70°C case temperature. 

‘Specifications same as AD ADC-816KD. 

Specifications subject to change without notice. 


ABSOLUTE MAXIMUM RATINGS 


Positive Supply (Pin 12) . . . 
Negative Supply (Pins 3 & 4) 
Logic Supply (Pin 17) ... . 

Logic Inputs . 

Analog Inputs. 


. + 16V dc 

. - 16V dc 

....... +7Vdc 

.+7Vdc 

± 2 X Selected Analog 
Input Range 


UNIPOLAR OPERATION 


ANALOG INPUT 

DIGITAL 

OUTPUT 

Oto -20V 

Oto -lOV 

o 

o 

1 

< 

MSB LSB 

-19.9805 

-9.9902 

-4.9951 

1 111 111 111 

-17.5000 

-8.7500 

-4.3750 

1 110 000 000 

-15.0000 

-7.5000 

-3.7500 

1 100 000 000 

-10.0000 

-5.0000 

-2.5000 

1 000 000 000 

-5.0000 

-2.5000 

- 1.2500 

0 100 000 000 

-2.5000 

- 1.2500 

-0.6250 

0 010 000 000 

-0.0198 

-0.0098 

-0.0049 

0 000 000 001 

0.0000 

0.0000 

0.0000 

0 000 000 000 


BIPOLAR OPERATION 


ANALOG INPUT 

DIGITAL OUTPUT 

Offset Binary 

2’s Complement 

±10V 

±5V 

±2.5V 

MSB LSB 

MSS LSB 

-9.9805 

-4.9902 

-2.4951 

1 111 111 111 

0 111 111 111 

-7.5000 

-3.7500 

- 1.8750 

1 110 000 000 

0 no 000 000 

-5.0000 

-2.5000 

- 1.2500 

1 100 000 000 

0 100 000 000 

0.0000 

0.0000 

0.0000 

1 000 000 000 

0 000 000 000 

4-5.0000 

+ 2.5000 

+ 1.2500 

0 100 000 000 

1 100 000 000 

+ 7.5000 

+ 3.7500 

+ 1.8750 

0 010 000 000 

1 010 000 000 

+ 9.9805 

+ 4.9902 

+ 2.4951 

0 000 000 001 

1 000 000 001 

+10.0000 

+ 5.0000 

+ 2.5000 

0 000 000 000 

1 000 000 000 


AD ADCS 16 Coding Tables 
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AD ADC-816 TIMING 

Refer to Figure 1, AD ADC-816KD/BD Timing Diagram. 

As shown elsewhere in this data sheet, operating temperatures 
for the AD ADC-816KD and AD ADC-816BD are 0 to +70°C 
and - 25°C to + 85°C, respectively. The operating temperature 
for the AD ADC-816SD is - 55°C to + 125®C. These differences 
in temperature cause slight differences in timing among the 
three models of converters, but all times are referenced to the 
leading edge of the ENCODE COMMAND pulse supplied by 
the user. 

For the AD ADC-816 SD, the maximum time of 800ns shown to 
the falling edge of the DATA READY pulse is 900ns; these 
intervals are the maximum times if operating at the maximum 
word rate, with an encode command no wider than 70ns. In 
addition to this change in conversion time, spacing between 

CLOCK OUTOUT pulses increases from a typical 45ns to ,, ■ , ^ ■ 

Figure 2. Unipolar Operation 



Figure 1 illustrates timing intervals for the KD and BD devices. 
In the diagram, ENCODE COMMAND width is 45ns, and this 
becomes the wid^ of the set-up pulse which occurs before clock 
pulse #1. 

The serial output data are in NRZ format with the MSB appearing 
first, and are synchronized by using the CLOCK OUTPUT 
pulses at Pin 30. The trailing (negative-going) edge of each 
clock pulse is recommended for use as a strobe to clock out its 
associated bit information. 

Delaying the clock pulses 15ns-20ns before using them as strobes 
will help assure sufficient set-up time for the serial data output 
to stabilize. For users who prefer positive-edge triggering, the 
clock pulses can be inverted via additional logic circuits and the 
trailing edges of those pulses could still be used as strobes. 

Input connections for the AD ADC-816 are shown in Figure 2 
(Unipolar Operation) and Figure 3 (Bipolar Operation). 



Figure 3. Bipolar Operation 
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FEATURES 

44V Supply Maximum Rating 
±15V Analog Signal Range 
Low Ron (60fl) 

Low Leakage (O.SnA) 

Low Power Dissipation (45mW) 
TTL/CMOS Compatible 
Superior Second Source: 

ADG201A Replaces DG201A, HI-201 
ADG202A Replaces DG202 


ADG201A/ADG202A PIN CONFIGURATION 
(TOP VIEW) 


GENERAL DESCRIPTION 

The ADG201A and ADG202A are monolithic CMOS devices 
comprising four independently selectable switches. They are 
designed on an enhanced LC^MOS process which gives an in¬ 
creased signal handling capability of ± 15V. These switches also 
feature high switching speeds and low Ron- 

The ADG201A and ADG202A consist of four SPST switches. 
They differ only in that the digital control logic is inverted. All 
devices exhibit break before make switching action. Inherent. 
the design is low charge injection for minimum transien^ipy]®|l 
switching the digital inputs. 



AP&20IA 

ADG202A 

SWITCH 

. ■■ 

IN 

CONDITION 


1 

ON 

t- if "’"t 

0 

OFF 


PRODUCT HIGHLIGHTS , 

1. Extended Signal Range: " -t). 

These switches are fabricated on m 

process, resulting in high breakdown and aa^cre^d inj 
signal range of ± 15V. ^ ■" , /f ^ 

2. Single Supply Operation: ^v, "' 1 

For applications where the analog signal is unipolar (OV U 
15V), the switches can be operated from a single -I- 15V 
supply. 


... 


Tablet. Truth Table 


itiMbg „„ 'S:'" ' 


3. Low Leakage: 

Leakage currents in the range of 500pA make these switches 
suitable for high precision circuits. The added feature of 
Break before Make allows for multiple outputs to be tied 
together for multiplexer applications while keeping leakage 
errors to a minimum. 
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SPECIFICATIONS 


(Voo = + 15V, Yss= ~ 15V, unless otherwise noted) 



ADG201AKN 

ADG201ABQ 

ADG201ATQ 




ADG202AKN 

ADG202ABQ 

ADG202ATQ 




Oto 

-25°Cto 

-55°Cto 



Parameter 

25°C +70X 

25°C +85°C 

25°C + 125“C 

Units 

Test Conditions 

ANALOG SWITCH 






Analog Signal Range 

±15 ±15 

±15 ±15 

±15 ±15 

Volts 



60 

60 

60 

ntyp 

- 10V<Vs< + lOV 


90 145 

90 145 

90 145 

Umax 

Ids ~ 1.0mA 






Test Circuit 1 

Ron vs. Vd(Vs) 

20 

20 


% typ 


Ron Drift 

0.5 

0.5 

0.5 

%/°Ctyp 


Ron Match 

5 

5 

5 

% typ 

Vs = 0V,lDs=lmA 

Is (OFF)* 

0.5 

0.5 

0.5 

nAtyp 

Vd = ± HV; Vs + 14V; Test Circuit 2 

OFF Input Leakage 

2 100 

2 100 

1 100 

nA max 


Id (OFF)* 

0.5 

0.5 

0.5 

nAtyp 

Vd = ± 14V; Vs = + 14V; Test Circuit 2 

OFF Output Leakage 

2 100 

2 100 

1 100 

nA max 


Id(ON)‘ 

0.5 

0.5 

0.5 

nAtyp 

Vd = ± 14V; Vs = + 14V; Test Circuit 3 

ON Channel Leakage 

2 200 

2 200 

1 200 

nA max 


DIGITAL CONTROL 






Vinh^ High Threshold 

2.4 

2.4 

2.4 

Vmin 


Vinl^ Low Threshold 

0.8 


0.8 

Vmax 


Iinl' or IiNH* 

1 

1 

1 

|xA min 


DYNAMIC CHARACTERISTICS 






tOPEN 

30 

30 

30 

ns typ 


tON^ 

300 

300 

300 

ns max 

Test Circuit 4 

tOFF^ 

250 

250 

250 

ns max 


OFF Isolation 

80 

80 

80 

dBtyp 

Vs = 2V(p-p);f=100kHz 






Rl = Ikd; Test Circuit 6 

Channel-to-Channel Crosstalk 

80 

80 

80 

dB typ 

Test Circuit 7 

Cs(OFF) 

5 

5 

5 

pFtyp 


Cd(OFF) 

5 

5 

5 

pFtyp 


Cds(ON) 

16 

16 

16 

pFtyp 


CiN Digital Input Capacitance 

5 

5 

5 

pFtyp 


Qinj Charge Injection 

20 

20 

20 

pCtyp 

Rs = OH; Cl = lOOOpF; Vg = OV 






Test Circuit 5 

POWER SUPPLY 






Idd 

0.5 

0.5 


mAtyp 

Digital Inputs = Vinl or Vinh 

Idd^ 

2 

2 

2 

mA max 


Iss 

0.1 

0.1 


mAtyp 


Iss' 

0.2 

0.2 

0.2 

mAmax 


Power Dissipation 

45 

45 

45 

mWmax 



NOTES 

'Max rating is 100% tested. 

^Sample tested at 25°C to ensure compliance. 
Specifications subject to change without notice. 
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ABSOLUTE MAXIMUM RATINGS* 


Vdd to Vss. 44V 

VoDtoGND.25V 

VsstoGND.-25 V 

Analog Inputs^ 

Voltage at S, D.Vss to Vdd 

Continuous Current, S or D.30mA 

Pulsed Current S or D 

1ms Duration, 10% Duty Cycle.70mA 

Digital Inputs^ 

Voltage at IN.Vss “ 2V to 


Vdd 4 2V or 
20mA, Whichever Occurs First 


Power Dissipation (Package) 

Plastic DIP 

Upto+75°C. 470mW 

Cerdip 

Up to +75°c. mrnwrc 

Derates above + 75®C by. 12mW/®C 

Operating Temperature 

Plastic (KN Version).0to+70‘’C 

Cerdip (BQ Version). - 25°C to -I- 85‘’C 

Cerdip (TQ Version).- 55°C to + 125°C 

NOTE 

^Overvoltage at IN, S or D will be clamped by diodes. Current should be limited 
to the Maximum Rating above. 


^COMMENT: Stresses above those listed under **Absolute Maximum Ratings” may cause permanent damage to the device. This is a stress rating only and 
functional operation of the device at these or any other conditions above those indicated in the operational sections of this specification is not impUed. Exposure 
to absolute maximum rating conditions for extended periods may affect device reliability. 

CAUTION:- 

ESD (Electro-Static-Discharge) sensitive device. The digital control inputs are zener 
protected; however, permanent damage may occur on unconnected devices subject 
to high energy electrostatic fields. Unused devices must be stored in conductive foam 
or shunts. The protective foam should be discharged to the destination socket before 
devices are removed. 



ADG201A/ADG202A FUNCTIONAL DIAGRAM 


+ 15V 



Vdd 



TO LEVEL 
SHIFTER 


Figure 1. Typical Digital input Cell 


ORDERING INFORMATION* 


Plastic 

Cerdip^ 

Cerdip^ 

Oto +70X 

-25°Cto +85X 

-55®Cto+125X 

ADG20IAKN 

ADG20IABQ 

ADG201ATQ 

ADG202AKN 

ADG202ABQ 

ADG202ATQ 


NOTES 

‘For information regarding /883B versions, contact your local Analog Devices 
Sales Office for Military Data Sheet. 

^Analog Devices reserves the right to ship ceramic packages in lieu of cerdip 
packages. 
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CURRENT - nA 


Typical Performance Characteristics 









3Vi/- 

V,N /50% 


Test Circuit 4 



QINJ = ClXAV 


Test Circuit 5. Charge Injection 









TERMINOLOGY 


Ron Ohmic resistance between terminals OUT and S 

Ron Match Difference between the Ron of any two channels 
Is (OFF) Source terminal leakage current when the switch 
is off 

Id (OFF) OUT terminal leakage current when the switch 
is off 

Id (ON) Leakage current that flows from the closed switch 
into the body 

Vd (Vs) Analog voltage on terminal 0,8 . 

Cs (OFF) Switch input capacitance “OFF” condition 
Cd (OFF) Switch output capacitance “OFF” condition 

CiN Digital input capacitance 

Cds (ON) Input to output capacitance when the switch 
is on 


toN Delay time between the 50% and 90% points of 

the digital input and switch “ON” condition 
toFF Delay time between the 50% and 90% points of 

the digital input and switch “OFF” condition 
toPEN “OFF” time measured between 50% points of 

both switches when switching from one address 
state to another 

Vinl Threshold voltage for low state 

Vinh Threshold voltage for high state 

IiNL (Iinh) Input current of the digital input 
Vdd Most positive voltage supply 

Vss Most negative voltage supply 

Idd Positive supply current 

Iss Negative supply ciurrent 


MECHANICAL INFORMATION 
OUTLINE DIMENSIONS 

Dimensions shown in inches and (mm). 


16-PIN PLASTIC (SUFFIX N) 16-PIN CERDIP (SUFFIX Q) 



0.045 (1.15) 0.015 (0.381) 0.095 (2.42) 


LEAD NO. 1 IDENDFIEO BY DOT OR NOTCH 
LEADS ARE SOLDER OR TIN-PLATED KOVAR OR ALLOY 42 


16-PIN CERAMIC DIP^ 



0.04 (1.02) 0.16 (0.381) 0.095 (2.42) 0.294 (7.47) 


LEAD NO. 1 IDENTIFIED BY DOT OR NOTCH 
LEADS WILL BE EITHER GOLD OR TIN PLATED 
IN ACCORDANCE WITH MIL-M38510 REOUIREMENTS 


NOTE 

’ANALOG DEVICES RESERVES THE RIGHT TO 
SHIP CERAMIC PACKAGES IN LIEU OF CERDIP 
PACKAGES. 
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FEATURES 

44V Supply Maximum Rating 
±15V Analog Signal Range 
Low Ron (6011) 

Low Leakage (O.SnA) 

Low Power Dissipation (37.5mW) 
pP, TTL, CMOS Compatible 
Superior DG221 Replacement 


ADG221/ADG222 PIN CONFIGURATION 
(TOP VIEW) 


GENERAL DESCRIPTION 

The ADG221 and ADG222 are monolithic CMOS devices com¬ 
prising four independently selectable switches. On-chip latches 
facilitate microprocessor interfacing. They are designed on an 
enhanced LC^MOS process which gives an increased signal 
handling capability of ± 15V. These switches also feature high 
switching speeds and low Ron- 

The ADG221 and ADG222 consist of four SPST switches. Thc^ 
differ only in that the digital control logic is inverted. A^ device 
exhibit break before make switching action. Inheren^^^^^k^ 
design is low charge injection for minimum tmi^ent^^^^ 
switching the digital inputs. 



m)G22\ 

ADG222 

IN 

SWITCH 

CONDITION 

0 

1 

ON 

1 

0 

OFF 


X 

Retains Previous 



Switch Condition 


PRODUCT HIGHLIGHTS 

1. Easily Interfaced: 

Digital inputs are latched with ^WR sip^l^l^lnld^^bces: 
interfacing. A 5V regulated supply is li^rnJ|^^nerated' 
permitting wider tolerances on the suppl% without aff^ui 
the TTL digital input switching levels. 

2. Single Supply Operation: 

For applications where the analog signal is unipolar (OV to 
15V), the switches can be operated from a single + 15V 
supply. 


z , 

ftfocessor'l^^ ' 1 ^ '-fi' 


Tablet. Truth Table 


3. Low Leakage: 

Leakage currents in the range of 500pA make these switches 
suitable for high precision circuits. The added feature of 
Break before Make allows for multiple outputs to be tied 
together for multiplexer applications while keeping leakage 
errors to a minimum. 
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(Vqo = + 15V, Vss = ~ 15V, unless othenvise noted) 



ADG221KN 

ADG221BQ 

ADG221TQ 




ADG222KN 

ADG222BQ 

ADG222TQ 




Oto 

-25°Cto 

-55°Cto 



Parameter 

25'’C +70°C 

25°C +85^ 

25°C + 125X 

Units 

Test Conditions 

ANALOG SWITCH 






Analog Signal Range 

±15 ±15 

±15 ±15 

±15 ±15 

Volts 


Ron* 

60 

60 

60 

ntyp 

- 10V<Vs< + lov 


90 145 

90 145 

90 145 

Umax 

Ids ~ 1.0mA 






Test Circuit 1 

Ronvs.Vd(Vs) 

20 

20 

20 

% typ 


Ron Drift 

0.5 

0.5 

0.5 

%/°C typ 


Ron Match 

5 

5 

5 

% typ 

Vs = 0V,lDs = lmA 

Is (OFF)' 

0.5 

0.5 

0.5 

nAtyp 

Vd = ± 14V; Vs + 14V; Circuit 2 

OFF Input Leakage 

2 100 

2 100 

1 100 

nAmax 


Id(OFF)' 

0.5 

0.5 

0.5 

nAtyp 

Vd= ± 14V; Vs = +14V; Test Circuit 2 

OFF Output Leakage 

2 100 

2 100 

1 100 

nAmax 


Id (ON)' 

0.5 

0.5 

0.5 

nAtyp 

Vd = ± 14V; Vs = + 14V; Test Circuit 3 

ON Channel Leakage 

2 200 

2 200 

1 200 

nAmax 


DIGITAL CONTROL 






ViNH* High Threshold 

2.4 


2.4 

Vmin 


ViNL* Low Threshold 

0.8 


0.8 

V max 


IiNL* or Lnh* 

1 


1 

IxAmax 


DYNAMIC CHARACTERISTICS 






tOPEN 

30 

30 

30 

ns typ 


tON^ 

300 

300 

300 

ns max 

Test Circuit 4 

Toff 

250 

250 

250 

ns max 


tw^ Write Pulse Width 

100 

100 

100 

ns min 

See Figure 2 

ts^ Digital Input Setup Time 

100 

100 

100 

ns min 

See Figure 2 

tH^ Digital Input Hold Time 

0 

0 

0 

ns min 

See Figure 2 

OFF Isolation ’ 

80 

80 


dBtyp 

Vs = 2V(p-p);f=100kHz 






Rl = Ikfl; Test Circuit 6 

Channel-to-Channel Crosstalk 

80 

80 


dB typ 

Test Circuit 7 

Cs(OFF) 

5 

5 

5 

pFtyp 


Cd(OFF) 

5 

5 

5 

pF typ 


Cds(ON) 

16 

16 

16 

pFtyp 


CiN Digital Input Capacitance 

5 

5 

5 

pF typ 


Qinj Charge Injection 

20 

20 

20 

pc typ 

Rs = OH; Cl = lOOOpF; Vs = OV 






Test Circuit 5 

POWER SUPPLY 






Idd 

0.5 

0.5 

0.5 

mA typ 

Digital Inputs = Vinl or ViNH 

Idd* 

1.5 

1.5 

1.5 

m A max 


Iss 

0.1, 

0.1 

0.1 

mA typ 


Iss* 

0.2 

0.2 


mA max 


Power Dissipation 

37.5 

37.5 

37.5 

mW max 



NOTES 

'Max rating is 100% tested. 

^Sample tested at 25°C to ensure compl iance . 
toN j toFF are the same for both IN and WR digital input changes. 
Specifications subject to change without notice. 
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ABSOLUTE MAXIMUM RATINGS^ 


VDDtoVss.44V 

VDDtoGND.25V 

VsstoGND.-25 V 

Analog Inputs^ 

Voltage at S, D.Vss to Vdd 

Continuous Current, S or D.30mA 

Pulsed Current S or D 

1ms Duration, 10% Duty Cycle.70mA 

Digital Inputs^ _ 

Voltage at IN, WR.Vss “ 2V to 


VDD+2Vor 
20mA, Whichever Occurs First 


Power Dissipation (Package) 

Plastic DIP 

Upto+75‘’C. 470mW 

Cerdip 

Up to +75'’C. 900mW/"C 

Derates above +75‘’Cby.• . • . 12mW/°C 

Operating Temperature 

Plastic (KN Version).0 to + 70°C 

Cerdip (BQ Version). - 25°C to + 85°C 

Cerdip (TQ Version).— 55°C to 4- 125°C 

NOTE _ 

‘Overvoltage at IN, WR, S or D will be clamped by diodes. Current should be 
limited to the Maximum Rating above. 


^COMMENT; Stresses above those listed under ‘‘Absolute Maximum Ratings” may cause permanent damage to the device. This is a stress rating only and 
functional operation of the device at these or any other conditions above those indicated in the op)erational sections of this specification is not implied. Exposure 
to absolute maximum rating conditions for extended periods may affect device reliability. 


CAUTION:- 

ESD (Electro-Static-Discharge) sensitive device. The digital control inputs are zener 
protected; however, permanent damage may occur on unconnected devices subject 
to high energy electrostatic fields. Unused devices must be stored in conductive foam 
or shunts. The protective foam should be discharged to the destination socket before 
devices are removed. 




TIMING AND CONTROL SEQUENCE 

Figure 2 shows the timing sequence for latching the switch 
digital inputs (I NI - IN4). The latches are level sensitive and, 
therefore, while WR is held low the latches are transparent and 
the switches respond to the digita l inputs. The digital inputs are 
latched on the rising edge of WR. 


3V 



Figure 7 . Typical Digital Input Cell 


tH - IN1-IN4 VALID TO WR HOLD TIME 
ts - IN1-1N4VALID TO WR SETUP TIME 
tw - WR PULSE WIDTH 


Figure 2. Timing and Control Sequence 


ORDERING INFORMATION^ 


Plastic 

Cerdip^ 

Cerdip^ 

Oto -70X 

-25Xto +85X 

-55Xto+125“C 

ADG221KN 

ADG221BQ 

ADG221TQ 

ADG222KN 

ADG222BQ 

ADG222TQ 


NOTES 

‘For information regarding /883B versions, contact your local Analog Devices 
Sales Office for Military Data Sheet. 

^Analog Devices reserves the right to ship ceramic packages in lieu of cerdip 
packages. 
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CURRENT-nA 


Typical Performance Characteristics 



-15 -10 -5 0 5 10 15 


Vs-VOLTS 

Ron 3S a Function of Vq (Vs) 



TEMPERATURE-“C 


Ron3s a Function of Temperature 


1mA 



Test Circuit 2 



25 35 45 55 65 75 85 95 105 115 125 


TEMPERATURE -°c Test Circuit 3 

Leakage Current as a Function ofTemperature 
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ADG221 


Vdd 

D 

^^ 0 — 

I _ 

WR 

) Vss 


3V,y- 

V,^. /50% 


Test Circuit 4 


V i 

QINJ = ClXAV, 

Test Circuit 5. Charge Injection 



ADG221 V,n = 5V 
ADG222V,n = 0V 


OFF ISOLATION = 
20 X LOG iVs/Vol 


ADG221 V,N = 0V 
ADG222V,n = 5V 


CHANNEL ISOLATION = 
20 X LOG |Vs/Vo| 


Test Circuit 6. Off Isolation 


Test Circuit 7. Channel to Channel Isolation 
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TERMINOLOGY 



Ron 

Ohmic resistance between terminals OUT and S 

tON 

Delay time between the 50% and 90% points of 

Ron Match 

Difference between the Rqn of any two channels 


the digital input and switch “ON” condition 

Is (OFF) 

Source terminal leakage current when the switch 
is off 

tOFF 

Delay time between the 50% and 90% points of 
the digital input and switch “OFF” condition 

Id (OFF) 

OUT terminal leakage current when the switch 
is off 

toPEN 

“OFF” time measured between 50% points of 
both switches when switching from one address 

Id (ON) 

Leakage current that flows from the closed switch 


state to another 


into the body 

Vinl 

Threshold voltage for low state 

Vd (Vs) 

Analog voltage on terminal D, S 

ViNH 

Threshold voltage for high state 

Cs (OFF) 

Switch input capacitance “OFF” condition 

IlNL (IiNh) 

Input current of the digital input 

Cd (OFF) 

Switch output capacitance “OFF” condition 

Vdd 

Most positive voltage supply 

CiN 

Digital input capacitance 

Vss 

Most negative voltage supply 

Cds (ON) 

Input to output capacitance when the switch 

Idd 

Positive supply current 


is on 

Iss 

Negative supply current 


MECHANICAL INFORMATION 
OUTLINE DIMENSIONS 

Dimensions shown in inches and (mm). 

16-PIN PLASTIC (SUFFIX N) 16-PIN CERDIP (SUFFIX Q) 




IN ACCORDANCE WITH Mil IVI38510 REQUIREMENTS 


NOTE 

^ANALOG DEVICES RESERVES THE RIGHT TO 
SHIP CERAMIC PACKAGES IN LIEU OF CERDIP 
PACKAGES. 
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ANALOG 

DEVICES 


Ultra-Low Noise, High Speed 
Precision Op Amp 


AD OP-37 


FEATURES 

Ultra-Low Noise: 80nV p-p (0.1Hz to 10Hz), 

3nV/VHz at 1kHz 
High Speed: 17V/p,s 
High Gain Bandwidth Product: 63MHz 
Ultra-Low Offset Voltage Drift: 0.2pV/X 
High Offset Stability Over Time: 0.2|AV/month 
Low Offset Voltage: lOpV 

High CMRR: 126dB Over ±11V Input Voltage Range 
Fits OP-07, OP-05, OP-06, 5534, LH0044, 

5130, 3510, 725, 714 and 741 Sockets 
in Gains > 5 

Military Grade and Plus Parts Available 
8-Pin Plastic Mini-DIP, CERDIP or TO-99 Hermetic 
Metal Can 

Available in Wafer-Trimmed Chip Form 


CONNECTION DIAGRAMS 
(Top View) 


TO-99 
(H) Package 

OFFSET NULL 



Plastic Mini-DIP (N) Package 
and 


CERDIP (Q) Package 


OFFSET NULL 

INVERTING 

INPUT 

NON-INVERTING 

INPUT 

V- 



OFFSET NULL 
V+ 

OUTPUT 

N/C 


PRODUCT DESCRIPTION 

The AD OP-37 offers the combined features of high precision, 
ultra-low noise and high speed in a monolithic bipolar operational 
amplifier. High speed accurate amplification of very low level 
signals, where inherent device noise can be the limiting factor, 
is attainable with the AD OP-37 in appUcations requiring gains 
greater than or equal to five. This instrumenation grade op amp 
features industry standard dc performance; typical input offset 
voltages of IOjjlV and typical input offset voltage temperature 
coefficients of 0.2|xV/°C. The super low input voltage noise 
performance of the AD OP-37 is characterized by an en p-p 
(typ) of 80nV (O.lHz to lOHz), an e„ (typ) of 3.0nV/VHz (at 
IkHz) and a 1/f noise corner frequency of 2.7Hz. High speed 
performance is assured by a typical 17V/|xs slew rate and a 
typical 63MHz gain bandwidth product. Long-term stability 
is guaranteed by an input offset voltage drift specification of 
0.2|jLV/month. 

Source resistance related input errors with the AD OP-37 are 
minimized by a low input bias current of ± lOnA (typ) and an 
input offset current of 7nA (typ). An input bias current cancellation 
circuit restricts bias and offset currents over the extended tem¬ 
perature range to ±20nA (typ) and 15nA (typ), respectively. 
Other factors inducing input referred errors such as power 
supply variations and common-mode voltages are attenuated by 
a PSRR and CMRR of 120dB. 

The AD OP-37 is available in six performance grades. The AD 
OP-37E, AD OP-37F and AD OP-37G are specified for operation 
over the - 25°C to + 85°C temperature range, while the AD 
OP-37A, AD OP-37B and AD OP.37C are specified for -55*^0 
to + 125°C operation. All devices are available in either the 
TO-99 hermetically-sealed metal cans or the hermetically-sealed 
CERDIP packages, while the industrial grades are also available 
in plastic Mini-DIPs. 


PRODUCT HIGHLIGHTS 

1. High speed accurate amphfication (gains > 5) of very low 
level low frequency voltage inputs is enhanced by a high gain 
bandwidth product and ultra-low input voltage noise. 

2. The AD OP-37 maintains high dc accuracy over an extended 
temperature range due to ultra-low offset voltage, offset 
voltage drift and input bias current. 

3. Internal frequency compensation, factory adjusted offset 
voltage and full device protection eliminate the need for 
additional components. Circuit size and complexity are reduced 
while reliability is increased. 

4. Long-term stability and accuracy is assured with low offset 
voltage drift over time. 

5. Input referred errors are greatly reduced by superior common¬ 
mode and power supply rejection characteristics. 

6. Monolithic construction along with advanced circuit design 
and processing techniques result in low cost. 
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SPECIFICATIONS (Ta= +2S°C, Ys= ±15Y. unless otheiwise specified) 


MODEL 

ADOP-37G 

AD OP-37F 

ADOP-37E 

PARAMETER 

SYMBOL 

MIN 

TYP 

MAX 

MIN 

TYP 

MAX 

MIN 

TYP 

MAX 


OPEN LOOP GAIN 

Avo 

700 

1,500 


1,000 

1,800 


1,000 

1,800 





400 

1,500 


800 

1,500 


800 

1,500 





200 

500 


250 

700 


250 

700 





450 

1,000 


700 

1,300 


750 

1,500 



OUTPUT CHARACTERISTICS 


■■ 










Voltage Swing 

Vo 

BEE 



±12.0 

±13.8 


±12.0 

±13.8 





Wfifii 



±10.0 

±11.5 


±10.0 

±11.5 





±11.0 

±13.3 


±11.4 

±13.5 


±11.7 

±13.6 



Open-Loop Output Resistance 

Ro 


70 



70 



70 



FREQUENCY RESPONSE 












Gain Bandwidth Product 

GBW 

45 

63 


45 

63 


45 

63 





- 

40 


_ 

40 


- 

40 



Slew Rate 

SR 

11 

17 


11 

17 


11 

17 



INPUT OFFSET VOLTAGE 












Initial 

Vos 


30 

100 


20 

60 


10 

25 





55 

220 


40 

140 


20 

60 


Average Drift 

TCVos 


0.4 

1.8 


0.3 

1.3 


0.2 

0.6 


Long Term Stability 

Vos/Time 


0.4 

2.0 


0.3 

1.5 


0.2 

1.0 


Adjustment Range 



±4.0 



±4.0 



±4.0 



INPUT BIAS CURRENT 




■■ 








Initial 

Ib 


±15 



±12 

±55 


±10 

±40 





±25 



±18 

±95 


±14 

±60 


INPUT OFFSET CURRENT 







m 





Initial 

los 


12 

75 


9 



7 

35 





20 

135 


14 

■1 


10 

50 


INPUT NOISE 












Voltage 

enP-p 


0.09 

0.25 


0.08 

0.18 


0.08 

0.18 


Voltage Density 

Cn 


3.8 

8.0 


3.5 

5.5 


3.5 

5.5 





3.3 

5.6 


3.1 

4.5 


3.1 

4.5 





3.2 

4.5 


3.0 

3.8 


3.0 

3.8 


Current Density 

in 


1.7 

- 


1.7 

4.0 


1.7 

4.0 





1.0 

- 


1.0 

2.3 


1.0 

2.3 





0.4 

0.6 


0.4 

0.6 


0.4 

0.6 


INPUT VOLTAGE RANGE 












Common Mode 

CMVR 

±1L0 

±12.3 


±11.0 

±12.3 


±11.0 

±12.3 





±10.5 

±11.8 


±10.5 

±11.8 


±10.5 

±11.8 



Common-Mode Rejection 












Ratio 

CMRR 

100 

120 


106 

123 


114 

126 





96 

118 


102 

121 


110 

124 



INPUT RESISTANCE 












Differential 

Rin 

0.8 

4 


1.2 

5 


1.5 

6 



Common Mode 

Rincm 


2 



2.5 



3 



POWER SUPPLY 












Rated Performance 



±15 



±15 



±15 



Operating 



±(4-18) 



±(4-18) 



±(4-18) 



Current, Quiescent 

Iq 


3.3 

5.6 


3.0 

4.6 



4.6 


Rejection 

PSR 


2 

20 


1 

10 


1 

10 





2 

32 


2 

16 


2 

15 


Power Consumption 

Pd 


100 

170 


90 

140 


90 

140 


OPERATING TEMPERATURE RANGE 












TminjTmax 

-25 


+ 85 

-25 


+ 85 

-25 


+ 85 


PACKAGE OPTIONS 












Plastic Mini-DIP(N8 A) 


ADOP-37GN 

ADOP-37FN 

ADOP-37EN 


CERDIP(Q8A) 


ADOP-37GQ 

ADOP-37FQ 

ADOP-37EQ 


TO-99(H08A) 



ADOP-37GH 

ADOP-37FH 

ADOP37EH 



NOTES 

‘Input Offset Voltage measurements are performed by automated test equipment approximately 0,5 seconds after application of 
power. A and E grades are guaranteed fully warmed up. 

^Long-Term Input Offset Voltage Stability refers to the average trend line of Vqs vs. time after the first 30 days. 

Specifications subject to change without notice. 
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ADOP-37C 

ADOP-37B 

ADOP-37A 

CONDITIONS 

UNITS 

MIN 

TYP 

MAX 

MIN 

TYP 

MAX 

MIN 

TYP 

MAX 



700 

1,500 



1,800 


1,000 



RL^2kft,VouT=±10V 

V/mV 

400 

1,500 





800 



RL^lkn,VouT=±10V 

V/mV 

200 

500 


250 



250 



Rl = 6000, VouT = ± 1V, Vs = ± 4V 

V/mV 

300 

800 





600 



RL^2kn, VouT = + lOV, Ta = min to max 

V/mV 

±11.5 

±13.5 


±12.0 

±13.8 


±12.0 

±13.8 


RL^2kO 

V 

±10.0 

±11.5 


±10.0 

±11.5 


±10.0 

±11.5 


RL^600fl 

V 

±10.5 

±13.0 


±11.0 

±13.2 


±11.5 

±13.5 


RL5s2kO,Ta = min to max 

V 


70 



70 



70 


louT=OA, VoUT OV 

a 

45 

63 


45 

63 


45 

63 


fo=10kHz 

MHz 


63 


- 

40 


_ 

40 


fo=lMHz 

MHz 

11 

17 


11 

17 


11 

17 


RL^2kO 

V/fJLS 


30 

100 


20 

60 


10 

25 

(Note 1) 

KlV 


70 

300 


50 

200 


30 

60 

Ta = min to max 

fxV 


0.4 

1.8 


0.3 

1.3 


0.2 

0.6 

Ta = min to max 

\iNrc 


0.4 

2.0 


0.3 

1.5 


0.2 

1.0 

(Note 2) 

|xV/month 


±4.0 



±4.0 



±4.0 


Rp=10ka 

mV 


±15 

±80 


±12 

±55 


±10 

±40 


nA 


±35 

±150 


±28 

±95 


±20 

±60 

Ta = min to max 

nA 


12 

75 


9 

50 


7 

M 


nA 


30 

135 


22 

85 


15 

iH 

Ta = min to max 

nA 


0.09 



0.08 

0.18 

■ 

H 

0.18 1 

O.lHztolOHz 

M'Vp-p 

nV/VTk 


3.8 



3.5 

5.5 



5.5 1 

fo=10Hz 


3.3 



3.1 

4.5 


dh 

4.5 

fo = 30Hz 

nV/VHz 


3.2 

4.5 


3.0 

3.8 



3.8 

fo=1000Hz 

nV/VHz 


1.7 

- 


1.7 

4.0 



4.0 

fo=10Hz 

pA/VUz 


1.0 

- 


1.0 

2.3 



2.3 

fo=30Hz 

pA/VHz 


0.4 

0.6 


0.4 

0.6 

HI 


0.6 

fo=1000Hz 

pA/VHz 

±11.0 

±12.3 


±11.0 

±12.3 


±11.0 

±12.3 



V 

±10.2 

±11.5 


±10.3 

±11.5 


±10.3 

±11.5 


Ta = min to max 

V 

100 

120 


106 

123 


114 

126 


> 

+1 

It 

dB 

94 

116 


100 

119 


108 

122 


VcM = - lOV, Ta = min to max 

dB 

0.8 

4 


1.2 

5 


1.5 

6 



MO 


2 



2.5 



3 



GO 


±15 



±15 



±15 



V 


±(4-18) 



±(4-18) 



±(4-18) 



V 


3.3 

5.6 


3.0 

4.6 


3.0 

4.6 

Vs=±15V 

mA 


2 

20 


1 

10 


1 

10 

Vs=±4Vto±18V 

|xV/V 


4 

51 


2 

20 


2 

16 

Vs= ±4.5V to ± 18V,Ta = mintomax 

jxV/V 


100 

170 


90 

140 


90 

140 

VouT = 0V 

mW 

-55 


+ 125 

-55 


+ 125 

-55 


+ 125 

_1 




ADOP-37CQ 


ADOP-37BQ 


ADOP-37AQ 




ADOP-37CH 


ADOP-37BH 


ADOP-37AH 




Specifications shown in boldface are tested on all production units at final 
electrical test. Results from those tests are used to calculate outgoing quality 
levels. All min and max specifications are guaranteed, although only those 
shown in boldface are tested on all production units. 
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ABSOLUTE MAXIMUM RATINGS 


Supply Voltage .± 18V 

Internal Power Dissipation (Note 1) .. . 500mW 

Input Voltage (Note 2) ..± 18V 

Output Short Circuit Duration.Indefinite 

Differential Input Voltage (Note 3) . . ..±0.7V 

NOTES: 


Differential Input Current (Note 3).±25mA 

Storage Temperature Range.-65°C to + 150°C 

Operating Temperature Range 

AD OP-37A, AD OP-37B, AD OP-37C . -55°Cto +125X 
AD OP-37E, AD OP-37F, AD OP-37G . -25°C to +85°C 

Lead Temperature Range (Soldering 60sec). 300°C 


Note 1: Maximum package power dissipation vs. ambient temperature. 

Maximum Ambient Derate Above Maximum. 

Package Type Temperature for Rating Ambient Temperature 


TO-99(H) 80°C 

MINI-DIP (N) 

CERDIP(Q) 75°C 


7.1mW/“C 

5.6mW/“C 

6.7mW/°C 


Note 2: For supply voltages less than ± 18V, the absolute maximum input voltage is equal to the supply voltage. 


Note 3: The AD OP-37’s inputs are protected by back-to-back diodes. To achieve low noise current limiting resistors could 
not be used. If the differential input voltage exceeds ± 0.7V, the input current should be limited to 2SmA. 


OUTLINE DIMENSIONS 

Dimensions shown in inches and (mm). 

TO-99 (H) Package 



MINI-DIP (N) Package 



CERDIP (Q) PACKAGE 



CHIP DIMENSIONS AND BONDING DIAGRAM 

Dimensions shown in inches and (mm). 


- 0.100 (2.54) --:- 

NULL V + 



12 3 4 

NULL -INPUT + INPUT V- 


THE AD OP-37 IS AVAIUBLE IN WAFER-TRIMMED CHIP FORM. CONSULT THE FACTORY FOR DETAILS. 


AD OP-37 ORDERING GUIDE 


Model 

Package 

Temperature 
Range (“O 

Max Initial 
Offset (pV) 

Max Offset 
Drift (pV/*C) 

ADOP-37GH 

TO-99 

-25 to+85 

100 

1.8 

ADOP-37GN 

MINI-DIP 

-25 to +85 

100 

1.8 

ADOP-37GQ 

CERDIP 

-25 to+85 

100 

1.8 

ADOP-37FH 

TO-99 

-25 to+85 

60 

1.3 

ADOP-37FN 

MINI-DIP 

-25 to+85 

60 

1.3 

ADOP-37FQ 

CERDIP 

-25 to+85 

60 

1.3 

ADOP-37EH 

TO-99 

-.25 to+85 

25 

0.6 

ADOP-37EN 

MINI-DIP 

-25 to +85 

25 

0.6 

ADOP-37EQ 

CERDIP 

-25 to+85 

25 

0.6 

ADOP-37CH 

TO-99 

-55 to+125 

100 

1.8 

ADOP-37CQ 

CERDIP 

-55 to+ 125 

100 

1.8 

ADOP-37BH 

TO-99 

-55 to+ 125 

60 

1.3 

ADOP-37BQ 

CERDIP 

-55 to+ 125 

60 

1.3 

AD OP-37 AH 

TO-99 

-55 to+ 125 

25 

0.6 

ADOP-37AQ 

CERDIP 

-55 to+ 125 

25 

0.6 
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APPLICATION NOTES FOR THE AD OP.37 

The AD OP-37 can be used in the sockets of many of the popular 
precision bipolar input operational amplifiers on the market. 
Elimination of external frequency compensation or nulling cir¬ 
cuitry may be possible in many cases. In 741 replacement situa¬ 
tions, if nulling has been implemented, it should be modified or 
removed for correct AD OP-37 performance. 

In applications where the initial factory adjusted input offset 
voltage provides insufficient accuracy, further offset trimming 
can be accomplished with the resistor network shown in Figure 
1. The adjustment range attainable using a lOkfl potentiometer 
will be ± 4mV. If a smaller adjustment range is required, the 
sensitivity of the nulling can be increased by using a smaller 
potentiometer in series with fixed resistor(s). For example, a 
Ikfl pot in series with two 4.7kfl resistors will yield a ±280 |jlV 
range. 



Figure 1. Optional Offset Nulling Circuit 

Zeroing the initial offset with potentiometers other than lOkO, 
but between Ikfl and IMO, will introduce an additional input 
offset voltage temperature drift error of from 0.1 to 0.2|xV/°C. 
Additionally, by intentionally trimming in a dc level shift a 
voltage dependent offset drift will be created. It will be approxi¬ 
mately the input offset voltage at 25°C divided by 300 (in p,V/ 
°C). 

Parasitic thermocouple EMF’s can be generated where dissimilar 
metals meet the contacts to the input terminals of the AD OP-37. 
These temperature dependent voltages can manifest themselves 
as drift type errors. Optimized temperature performance will 
be obtained when both contacts are maintained at the same 
temperature. 

Output stability with the AD OP-37 is possible with capacitive 
loads of up to lOOOpF and ± lOV output swings. Larger capaci¬ 
tances should be decoupled with a 500 resistor inside the feedback 
loop. 


High closed loop gain and excellent linearity can be achieved by 
operating the AD OP-37 within an output current range of 
± 10mA. Minimizing output current will provide the highest 
linearity. 


+ 18V 



Figure 2. Burn-In Circuit 


CAUTION: NOISE MEASUREMENTS 

Precise measurement of the extremely low input noise associated 
with the AD OP-37 is a difficult task. In order to observe the 
rated noise in the 0.1 Hz to lOHz frequency range the following 
cautions should be exercised. 

(1) The test time to measure 0. IHz to lOHz noise should not 
exceed 10 seconds. As shown in the noise test frequency response 
plot in this data sheet the 0.1 Hz corner is only defined by a 
single zero. A test time of 10 seconds acts as an additional zero 
to eliminate noise contributions from frequencies lower than 
O.lHz. 

(2) Warm-up for a least five minutes will eliminate temperature 
induced effects. During the first few minutes the offset voltage 
typically increases 4|xV. In a 10 second measurement interval 
prior to temperature stabilization the reading could include 
several nanovolts of warm-up offset error in addition to the 
noise. 

(3) For reasons similar to (2) the device under test should be 
well shielded from air currents or other heat sinks to eliminate 
the possibility of temperature changes over time invalidating the 
measurements. Sudden motion in the vicinity or physical contact 
with the package can also increase the observed noise. 

An input voltage noise spectral density test is recommended 
when measuring noise on a large number of units. Because the 
1/f noise corner frequency is around 3Hz, a IkHz noise voltage 
density measurement combined with a 0.1 Hz to lOHz peak-to-peak 
noise reading will guarantee 1/f and white noise performance 
over the rated frequency spectrum. 


NEW PRODUCTS - Ks 3-343 




Typical Performance Curves (@ Ta=+25"C, Vs= ±15V) 
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Comparison of Op Amp Input Voltage 
Noise Spectrums 



0 5 10 15 20 

SUPPLY VOLTAGE - ± V 


Input Voltage Noise vs. Supply Voltage 



Input Wideband Noise vs. Bandwidth 
(0.1 Hz to Frequency Indicated) 



10 100 Ik 10k 

FREQUENCY - Hz 


Input Current Noise Spectra! Density 
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Total Noise vs. Source Impedance 0.1Hz to 10Hz Noise Test Frequency 0.1Hz to 10Hz p-p Voltage Noise 

Response 

O.liiF ^ 



NOTE: ALL CAPACITORS MUST BE NONPOLARIZED 


0.1Hz to 10Hz Noise Test Bandpass Filter (Voltage Gain = 50,000} 
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Input Offset Voltage Turn-On Drift vs. 
Time 




Long Term Offset Stability @ 
Temperature 
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Input Bias Current vs. Temperature 
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Input Offset Current vs. Temperature 


Open Loop Frequency Response 


Open Loop Gain and Phase Shift vs. 
Frequency 



Stew Rate, Gain Bandwidth Product 
and Phase Margin vs. Temperature 
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Open Loop Gain vs. Supply Voltage 



Open Loop Gain vs. Resistive Load 







ELAPSED TIME FROM SHORT - Minutat 


Undistorted Output Swing vs. 
Frequency 


Output Swing vs. Resistive Load 


Output Short Circuit Current vs. Time 
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Small Signal Overshoot vs. 
Capacitive Load 



FREQUENCY - Hz 

Power Supply Rejection Ratio 
vs. Frequency 



Ik 10k 100k 1M 10M 
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CMRR vs. Frequency 



Unity Gain Follower Pulse Response 
(Large Signal) 



TOTAL SUPPLY VOLTAGE - V 

Supply Current vs. Supply Voltage 
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Slew Rate vs. Resistive Load 



Unity Gain Follower Pulse Response 
(Small Signal) 
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ANALOG B ^ B'Bit CMOS 

DEVICES Multiplier/Accumulator 


ADSP- 



FEATURES 

8 X 8-Bit Parallel Multiplication/Accumulation 
lOOmW Power Dissipation with TTL-Compatible 
1.5 Micron CMOS Technology 
55ns Multiply/Accumutate Time 
Improved TDC1008J4 Second Source 
Twos-Complement or Unsigned Magnitude 
Available in Hermetically-Sealed 48-Pin Ceramic DIP or 
48-Pin Plastic DIP 
Single +5V Power Supply 
Specified from -“55®Cto + 125°C Ambient 

APPLICATIONS 
Matrix Manipulations 
Fourier Transformations 
Digital Filtering 
Image Processing 

GENERAL DESCRIPTION 

The ADSP-1008A is a TTL compatible high-speed low-power 
8 X 8-bit multiplier accumulator (MAC) that is pin for pin com¬ 
patible with TRW’s TDC1008J4. The ADSP-1008A is a very 
fast (55ns) 8x8 MAC, with low power consiunption (lOOmW 
max). Low power dissipation prevents the existence of a large 
temperature differential between the device’s junction temperature 
and the ambient temperature. Thus, unlike existing bipolar and 
ECL devices, it is safe to both specify and operate the ADSP-1008A 
over the full MIL temperature range (- 55°C to + 125°C ambient) 
without impairing its useful life. 

The low power is obtained by using CMOS technology. The 
high speed is obtained by the use of three time-saving techniques. 
A modified Booth algorithm reduces time-consuming operations. 
Feed-forward carry organization is used. Finally, a conditional 
sum adder speeds the final adder stage of the multiplier. 

The ADSP-1008A has two 8-bit input buses, two 8-bit product 
buses and a 3 bit extra product bus. All inputs are diode protected. 
The independent input registers are D-type positive edge triggered 
flip-flops as are the product registers. Each product register has 
its own three state output control which, when combined with 
the independent input clocks, allows the ADSP-1008A to operate 
on an 8-bit bus. 


ADSP-1008A FUNCTIONAL BLOCK DIAGRAM 



The ADSP-1008A has a RND control which rounds the product 
to the 11 most significant bits by adding a 1 to the MSB of the 
LSP. The preload control is used in conjunction with the three 
state control to initialize the contents of the output registers. 

The ACC and SUB controls are used to determine whether a 
multiply/add, a multiply/subtract, or a straight multiply is per¬ 
formed. The TC control is used to distinguish between two’s 
complement or unsigned magnitude inputs. 

The ADSP-1008A is available in a hermetically-sealed 48-pin 
ceramic DIP or 48-pin plastic DIP. 


This one-page data summary contains key specifications to speed your selec¬ 
tion of the proper solution for your application. Additional information on this 
product can be obtained from your local sales office. 
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FEATURES 

12 X 12-Bit Parallel Multiplication/Accumulation 
70ns Multiply/Accumulate Time 
375mW Power Dissipation with TTL-Compatibie 
1.5 Micron CMOS Technology 
Pin-Compatible with ADSP-1009, TDC1009J1, and 
TMC2009J3 

Twos Complement or Unsigned Magnitude 
Preloadable Accumulation Registers 
Available in Hermetically-Sealed 64-Pin DIP, 
Hermetically-Sealed 68-Pin Grid Array, or 
Plastic 64-Pin DIP 

Available Specified from -55X to +125X Ambient 

APPLICATIONS 
Digital Signal Processing 
Digital Filtering 
Fourier Transformations 
Correlations 
Image Processing 
Telecommunications 

GENERAL DESCRIPTION 

The ADSP-1009A is a high-speed, low-power 12 x 12-bit parallel 
multiplier/accumulator fabricated in 1.5 micron CMOS. 

The ADSP-1009A has two 12-bit input ports, a 12-bit Most 
Significant Product (MSP) port, a 12-bit Least Significant Product 
(LSP) port, and a 3-bit Extended Product (XTP) port. Inputs 
can be represented in either twos-complement or unsigned-mag¬ 
nitude formats. The ADSP-1009A produces a 24-bit product 
whose MSP can be rounded with a control which causes a 1 to 
be added to the Most Significant Bit (MSB) of the LSP. After 
multiplying, the ADSP-1009A can latch its product directly into 
the output registers or update the output registers with their 
previous contents added to or subtracted from the product. The 
output registers can also be initialized prior to multiplication/ac¬ 
cumulation with data preloaded from the output ports. 

All input pins are diode-protected. The input and output registers 
are all D-type positive-edge-triggered flip-flops. The input registers 
are controlled by independent clock lines. A third clock line 
controls the product registers. Each of the three product registers 
has its own three-state output control. Three-state outputs and 
independently clocked inputs allow the ADSP-1009A to be 
connected directly to a single 12-bit bus. 


ADSP-1009A FUNCTIONAL BLOCK DIAGRAM 



The ADSP-1009A is a pin-for-pin replacement for Analog Devices’ 
ADSP-1009 and is also pin-for-pin compatible in a DIP package 
with TRW’s TDC1009J1 and TMC2009J3. The ADSP-1009A’s 
multiply/accumulate time is over twice as fast as either TRW 
device. 

The power consumption of the ADSP-1009A is 375mW maximum, 
less than 10% of the power required by equivalent bipolar devices. 
The differential between the ADSP-1009A’s junction temperature 
and the ambient temperature stays small because of this low 
power dissipation. Thus, unlike equivalent bipolar devices, the 
ADSP-1009A can be safely specified for operation at environmental 
temperatures over its extended temperature range (- 55°C to 
+ 125°C ambient). 

The ADSP-1009A is available for both commercial and military 
temperature ranges. Extended temperature range parts are avail¬ 
able with high-reliability processing (“PLUS” parts). MIL-grade 
parts are available processed fully to MIL-STD-883, Class B. 
Additionally, the ADSP-1009A is available in either a 64-pin 
hermetically sealed ceramic DIP, a space-saving, hermetically 
sealed 68-pin grid array, or a plastic 64-pin DIP. 


This one-page data summary contains key specifications to speed your selec¬ 
tion of the proper solution for your application. Additional information on this 
product can be obtained from your local sales office. 
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ANALOG 

DEVICES 



16 X 16-Bit CMOS 
Multiplier/Accumulator 

ADSP-1010A 


FEATURES 

16 X 16-Bit Parallel Multiplication/Accumulation 
200mW Power Dissipation With TTL-Compatible 
CMOS Technology 
85ns Multiply/Accumulate Time 
Pin Compatible with ADSP-1010, TDC1010J1, 
and TMC2010J3 

Twos-Complement or Unsigned Magnitude 
Data Formats 
Single +5V Power Supply 

Available in Hermetically-Sealed 64-Pin Ceramic DIP, 
68-Pin Grid Array or Plastic 64-Pin DIP 
Available Specified from -55®C to f 125°C Ambient 

APPLICATIONS 
Digital Signal Processing 
Digital Filtering 
Fourier Transformations 
Correlations 

Power Series Expansions 
Matrix Manipulations 
Microprocessor Acceleration 

GENERAL DESCRIPTION 

The ADSP-lOlOA is a TTL-compatible high-speed low-power 
16 X 16-bit monolithic multiplier/accumulator that, in DIP form, 
is pin for pin compatible with the ADSP-1010, TDCIOIOJI, 
and TMC2010J3. Low power dissipation prevents the existence 
of a large temperature differential between the device’s jimction 
temperature and the ambient temperature. Thus, unlike bipolar 
and ECL multipliers, it is safe to both specify and operate the 
ADSP-lOlOA over the extended temperature range (- 55®C to 
+ 125°C ambient) without impairing its useful life. 

The low power is obtained by using CMOS technology. The 
high speed is obtained by the use of a 1.5 micron CMOS process 
and three time-saving techniques. A modified Booth algorithm 
is used. Feed-forward carry organization is used. Finally, a 
conditional sum adder speeds the final adder stage of the 
multiplier. 

The ADSP-lOlOA has two 16-bit input buses, a 16-bit MSP 
product bus, a 16-bit LSP product bus, the output port of 
which is shared with the Y input port, and a 3-bit extended 
product bus. All inputs are diode protected. The independently 
controlled input registers are D-type positive edge triggered flip- 
flops as are the product registers. Each product register has its 
own three state output control which, when combined with the 
independent input clocks, allows the ADSP-lOlOA to operate on 
a single 16-bit bus. 


ADSP-lOlOA FUNCTIONAL BLOCK DIAGRAM 



The ADSP-lOlOA has a RND control that rounds the product 
to the 16 most significant bits by adding a 1 to the MSB of the 
16 LSBs of the multiplier array. The preload control is used in 
conjunction with the three-state controls to initialize the contents 
of the output registers. The ADSP-lOlOA will perform either a 
multiplication and addition or multiplication and subtraction or 
a straight multiplication depending upon the status of the ACC 
and SUB controls. The TC control provides the capability for 
either twos-complement or unsigned magnitude data formats. 

The ADSP-lOlOA is available for both commercial and military 
temperature ranges. Extended temperatiure range parts are avail¬ 
able with high-reliability processing (“PLUS” parts). MIL-grade 
parts are available processed fuUy to MIL-STD-883, Class B. 
Additionally the ADSP-lOlOA is available in either a hermetically 
sealed 64-pin ceramic DIP, a 68-pin Grid Array or a 64-pin 
plastic DIP. 


This one-page data summary contains key specifications to speed your selec¬ 
tion of the proper solution for your application. Additional information on this 
product can be obtained from your local sales ofBce. 
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□ ANALOG 

DEVICES 12x12-Bit CMOS Multiplier 


ADSP-1012A 


FEATURES ADSP-1012A FUNCTIONAL BLOCK DIAGRAM 

12 X 12-Bit Parallel Multiplication 
65ns Multiply Time 

200mW Power Dissipation with TTL-Compatible CMOS 
Technology 

Twos-Complement, Unsigned-Magnitude, and 
Mixed-Mode Data Formats 
Available in Hermetically-Sealed 64-Pin DIP, 

Hermetically-Sealed 68-Pin PGA, 
or Plastic 64-Pin DIP 

Available Specified from -55X to -l-125°C Ambient 
Pin-Compatible with ADSP-1012 and MPY012HJ1 

APPLICATIONS 
Digital Signal Processing 
Digital Filtering 
Fourier Transformations 
Correlations 
Image Processing 

GENERAL DESCRIPTION 

^luiciiL LciixpciaLuic a>i.itya siuau uccauac ui uua xuw 

The ADSP-1012A is a high-speed, low-power 12 x 12-bit paraUej,. iiKssipation. Thus, the ADSP-1012A can be safely specified 

multiplier fabricated in 1.5 micron CMOS. ^|,%'|;^%pera^pn% environmental temoeratures over its extended 

The ADSP-1012A has two 12-bit input ports, a 12-bit tem^^tiir^jgt%e’(~55°C to 125°C ambient). 

Significant Product (MSP) port, and a 12-bit Le^t Si^ij^^ AElSjP-1012A is available for both commercial and military 

Product (LSP) port. Input data is interpreted* ^-cojhtremeM%fepjj^ Extended temperature range parts are avail- 

format. The ADSP-1012A produces a,^i«^t,^ij^#hose high-reliability processing (“PLUS” parts). MIL-grade 

complement MSP can be round^,^A»%tM'whi#^ta»%^,% a^gyailable processed fully to MIL-STD-883, CUss B. 

1 to be added to the Most Signi^ Bit (MSB|^^ ^e LSl^ ' *^tio^ the ADSP-1012A is avaiUble in either a 64-pin 

All input pins are diode-protected. The ingjKairf^t^fe^gisters ^<^erj^tidklly sealed ceramic DIP, a hermetically sealed ceramic 

are all D-type positive-edge-triggered flip-flo]^* Th^iSput ||#^^^pin grid array, or a plastic 64-pin DIP. 

are controlled by independent clock lines. Both of the prod||t Jl ^ 

registers have their own independent clock lines and their ov^^^ 

independent three-state output controls. Three-state outputs and 

independently clocked inputs allow the ADSP-1012A to be 

connected directly to a single 12-bit bus. 

The ADSP-1012 A is a pin-for-pin replacement for Analog Devices* 

ADSP-1012 and is also pin-for-pin compatible in a DIP package 
with TRW’s MPY012HJ1. The ADSP-1012A’s multiply time is 
less than half that of the TRW device. 



The power con^mption of the ADSP-1012A is 200mW maximum, 
10% of tl^e pbw#r required by equivalent bipolar devices. The 
differeitial'betW^n the ADSP-1012A’s junction temperature 

f-p'nnrMaratiirA ctoxrc email Kp^r'aiic#* tViic Inur 
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ANALOG 

DEVICES 


FEATURES 

16 X 16-Bit Parallel Multiplication 
70ns Multiply Time 

SOOmW Power Dissipation with TTL-Compatible 
CMOS Technology 

Twos-Complement, Unsigned-Magnitude and Mixed- 
Mode Data Formats 

Available in Hermetically-Sealed 64-Pin DIP, ^ 

Hermetically Sealed 68-Pin PGA, or Plastic 
64-Pin DIP 

Available Specified from -55Xto +125X Ambient 
Pin-Compatible with ADSP-1016 and MPY016HJ1 

APPLICATIONS 
Digital Signal Processing 
Digital Filtering 
Fourier Transformations 
Correlations 
Image Processing 
General Purpose Computing 

GENERAL DESCRIPTION 

The ADSP-1016A is a high-speed low-power 16 x 16-bit parallel 
multiplier fabricated in 1.5 micron CMOS. 

The ADSP-1016A has two 16-bit input ports, a 16-bit Most 
Significant Product (MSP) port, and a 16-bit Least Significant 
Product (LSP) port. Input data is interpreted in twos-complement, 
unsigned-magnitude, or mixed-mode formats. The ADSP-1016A 
produces a 32-bit result whose MSP can be rounded with a 
control which causes a 1 to be added to the Most Significant Bit 
(MSB) of the LSP. 

All input pins are diode-protected. The input and output registers 
are all D-type positive-edge-triggered flip-flops. The input registers 
are controlled by independent clock lines. Both of the product 
registers have their own independent clock lines and their own 
independent three-state output controls. Three-state outputs and 
independently clocked inputs allow the ADSP-1016A to be 
connected directly to a single 16-bit bus. 

The ADSP-1016A is a pin-for-pin replacement for Analog Devices* 
ADSP-1016 and is also pin-for-pin compatible in a DIP package 
with TRW’s MPY016HJL The ADSP-1016A’s multiply time is 
more than twice as fast as the TRW device. 


16 X 16-Bit CMOS Multiplier 


ADSP-1016A 


ADSP-1016A FUNCTIONAL BLOCK DIAGRAM 



The ADSP-1016A is available for both commercial and military 
temperature ranges. Extended temperature range parts are avail¬ 
able with high-reliability processing (“PLUS*’) parts. MIL-grade 
pkrts are available processed fully to MIL-STD-883, Class B. 
Additionally, the ADSP-1016A is available in either a 64-pin 
hermetically sealed ceramic DIP, a hermetically sealed ceramic 
68-pin grid array, or a plastic 64-pin DIP. 


The power consumption of the ADSP-1016A is 300mW maximum, 
less than 10% of the power required by equivalent bipolar devices. 
The differential between the ADSP-1016A*s junction temperature 
and the ambient temperature stays small because of this low 
power dissipation. Thus, the ADSP-1016A can be safely specified 
for operation at environmental temperatures over its extended 
temperature range (- 55°C to + 125°C ambient). 


This one-page data summary contains key specifications to speed your selec¬ 
tion of the proper solution for your application. Additional information on this 
product can be obtained from your local sales office. 
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□ ANALOG 

DEVICES , 24 X 24-Bit CMOS Multiplier 


ADSP-1024A 


FEATURES 

24 X 24-Bit Parallel Multiplication 
90ns Multiply Time 

SOOmW Power Dissipation with TTL-Compatible CMOS 
Technology 

Twos-Complement Data Format 
Rounding Options at Three Positions 
Left-Shifts of 0,1, or 2 Bits on Output 
Overflow and Normalization Status Flags 
Single-Cycle Output of Both 24-Bit Output Words 
Available in Hermetically-Sealed 84-Pin Grid Array 
Available Specified from -55X to +125®C Ambient 
Pin-Compatible with ADSP-1024 


ADSP-1024A FUNCTIONAL BLOCK DIAGRAM 



APPLICATIONS 

High-Resolution Digital Signal Processing 
Digital Filtering 
Fourier Transformations 
Correlations 
Voice Recognition 

Mantissa Multiplication for Floating-Point Operations 
GENERAL DESCRIPTION 

The ADSP-1024A is a high-speed, low-power 24 x 24-bit 
multiplier fabricated in 1.5 micron CMOS. The ADSP- 
a pin-for-pin replacement for Analog Devices’ A]^%102' 


The power const 
The differer 
and the al ^'ic^ te 
dissiAon^ra 


The ADSP-1024A is a three-port device t 
input buses and two 24-bit product 1 
Product (MSP) bus and the Least i. 
share the output port. In a single cyS 
be output. Input data must be in two*i-com|^^en1^Maat. 

The ADSP-1024A produces a 48-bit result wh(At^^^compJ^ 
ment MSP can be roimded with controls which cause a 1 to be^ 
added to either bit 23, 22, or 21 of the LSP. 



don of the ADSP-1024A is 300mW maximum, 
^een the ADSP-1024A’s jtmction temperature 
>erature stays small because of this low-power 
the ADSP-1024A can be safely specified for 


environmental temperatures over its extended tem- 
to + nS^C ambient). 

Lvailable for both commercial and military 
tatu^ ||nges. Extended temperature range parts are avail- 
Lgh-reliability processing (“PLUS” parts). MIL-grade 
available processed fully to MIL-STD-883, Class B. 

'he ApS1^^4A is available in a hermetically-sealed ceramic 

84-^ri<r 


All input pins are diode-protected. The input and output registers 
are all D-type positive-edge-triggered flip-flops. The input registers 
are controlled by independent clock lines. A third clock line 
controls the product registers. Both of the product registers 
have their own three-state output controls. Three-state outputs 
and independently clocked inputs allow the ADSP-1024A to be 
connected directly to a single 24-bit bus. 
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□ ANALOG 

DEVICES 8 X 8-Bit CMOS Multiplier 


ADSP-1080A 


FEATURES 

8 X 8-Bit Parallel Multiplication 
30MHz Multiplication Rate 
275mW Power Dissipation with TTL-Compatible 
1.5 Micron CMOS Technology 
Twos-Complement Data Format 
Available in Hermetically-Sealed 40-Pin DIP or 
Plastic 40-Pin DIP 

Available Specified from -SSXto -H125X Ambient 
Pin-Compatible with ADSP-1080 and MPY008HJ5 

APPLICATIONS 
Digital Signal Processing 
Digital Filtering 
Fourier Transformations 
Correlations 
Image Processing 


GENERAL DESCRIPTION 

The ADSP-1080A is a high-speed, low-power 8 x 8-bit parallel 
multiplier fabricated in 1.5 micron CMOS. 

The ADSP-1080A has two 8-bit input ports, an 8-bit Most 
Significant Product (MSP) port, and an 8-bit Least Significant 
Product (LSP) port. Input data is interpreted in twos-complement 
format. The ADSP-1080A produces a 16-bit result whose twos- 
complement MSP can be rounded with a control which causes a 
1 to be added to the Most Significant Bit (MSB) of the LSP. 

All input pins are diode-protected. The input and output registers 
are all D-type positive-edge-triggered flip-flops. The input registers 
are controlled by independent clock lines. A third clock line 
controls the product registers. Both of the product registers 
have their own three-state output controls. Three-state outputs 
and independently clocked inputs allow the ADSP-1080A to be 
connected directly to a single 8-bit bus. 

The ADSP-1080A is a pin-for-pin replacement for Analog Devices’ 
ADSP-1080 and is also pin-for-pin compatible in a DIP package 
With TRW’s MPY008HJ5 and MPY008HJ5-1. The ADSP- 
1080A’s multiply time is faster than either TRW device. 


ADSP-1080A FUNCTIONAL BLOCK DIAGRAM 



The power consumption of the ADSP-1080A is 275mW maximum, 
5% of the power required by equivalent bipolar devices. The 
differential between the ADSP-1080A’s junction temperature 
and the ambient temperature stays small because of this low 
power dissipation. Thus, the ADSP-1080A can be safely specified 
for operation at environmental temperatures over its extended 
temperature range (-55°C to + 125°C ambient). 

The ADSP-1080A is available for both commercial and military 
temperature ranges. Extended temperature range parts are avail¬ 
able with high-reliability processing (“PLUS” parts). MIL-grade 
parts are available processed fully to MIL-STD-883, Class B. 
Additionally, the ADSP-1080A is available in either a 40-pin 
hermetically-sealed ceramic DIP or a plastic 40-pin DIP. 


This one-page data summary contains key specifications to speed your selec¬ 
tion of the proper solution for your application. Additional information on this 
product can be obtained from your local sales office. 
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□ ANALOG 

DEVICES 8 X 8-Bit CMOS Multiplier 


ADSP-1081A 


FEATURES 

8 X 8-Bit Parallel Multiplication 
30MHz Multiplication Rate 

275mW Power Dissipation with TTL-Compatible CMOS 
Technology 

Unsigned-Magnitude Data Format 
Available in Hermetically-Sealed 40-Pin DIP or 
Plastic 40-Pin DIP 

Available Specified from ~55°C to +125X Ambient 
Pin-Compatible with ADSP-1081 and MPY08HUJ5 

APPLICATIONS 
Digital Signal Processing 
Digital Filtering 
Fourier Transformations 
Correlations 
Image Processing 

GENERAL DESCRIPTION 

The ADSP-1081A is a high-speed, low-power 8 x 8-bit parallel 
multiplier fabricated in 1.5 micron CMOS. 

The ADSP-1081 A has two 8-bit input ports, an 8-bit Most 
Significant Product (MSP) port, and an 8-bit Least Significant 
Product (LSP) port. Input data is interpreted in unsigned-mag¬ 
nitude format. The ADSP-1081A produces a 16-bit result whose 
unsigned-magnitude MSP can be rounded with a control which 
causes a 1 to be added to the Most Significant Bit (MSB) of the 
LSP. 

All input pins are diode-protected. The input and output registers 
are all D-type positive-edge-triggered flip-flops. The input registers 
are controlled by independent clock lines. A third clock line 
controls the product registers. Both of the product registers 
have their own three-state output controls. Three-state outputs 
and independently-clocked inputs allow the ADSP-1081 A to be 
connected directly to a single 8-bit bus. 

The ADSP-1081 A is a pin-for-pin replacement for Analog Devices’ 
ADSP-1081 and is also pin-for-pin compatible in a DIP package 
with TRW’s MPY08HUJ5 and MPY08HUJ5-1. The ADSP- 
1081 A’s multiply time is less than either TRW device. 


ADSP-1081A FUNCTIONAL BLOCK DIAGRAM 



The power consumption of the ADSP-1081A is 275mW maximum, 
less than 15% of the power required by equivalent bipolar devices. 
The differential between the ADSP-1081 A’s junction temperature 
and the ambient temperature stays small because of this low 
power dissipation. Thus, the ADSP-1081 A can be safely specified 
for operation at environmental temperatures over its extended 
temperature range (-55°C to + 125°C ambient). 

The ADSP-1081 A is available for both commercial and military 
temperature ranges. Extended temperature range parts are avail¬ 
able with high-reliability processing (“PLUS” parts). MIL-grade 
parts are available processed fully to MIL-STD-883, Class B. 
Additionally, the ADSP-1081 A is available in either a 40-pin 
hermetically-sealed ceramic DIP or a plastic 40-pin DIP. 


This one-page data summary contains key specifications to speed your selec¬ 
tion of the proper solution for your application. Additional information on this 
product can be obtained from your local sales office. 
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ICs 




FEATURES 

16 X 16-Bit Parallel Multiplication/Accumulation 
70ns Cycle Time 

40-Bit Adder/Subtracter Unit with Status Flags 
16-Bit Logic Unit 

Dual 40-Bit Accumulators with Status Flags 
7-Bit Right/Left Shift on Output 
Flexible Load/Bypass of Six Input Registers 
Flexible Preload of Both Accumulators 
Feedback from Accumulators to Adder/Subtracter 
with Left/Right-Shift Control 
Feedback from Adder/Subtracter to Y Input Registers 
and Logic Unit/Multiplier 

On-Chip, Low Overhead Block Floating-Point Control 
Autonormalized Output with Exponent 
Output with Saturation 

Three 16-Bit Data Ports (Two Input and One Output) 

Can Each Transfer Two 16-Bit Words Per Cycle 
Twos-Complement and Unsigned Magnitude 
Multipiication 

Independent Microcode Control of Each Functional 
Unit 

Low-Power TTL-Compatible 1.5 Micron CMOS 
Technology, 300mW Max Power Dissipation 
100-Pin Grid Array 

GENERAL DESCRIPTION 

The Integer Arithmetic Unit is a versatile 16-bit integer processor 
which performs a full complement of arithmetic, logic, and shift 
functions. The ADSP-1101 performs complex, arithmetic, and 
low-overhead block floating-point operations completely on-chip. 
Sustainable single-cycle operations of the form y = mx + b are 
also supported. 

The ADSP-1101 is ideally suited for fast integer arithmetic. 

Multiple ADSP-llOls can be cascaded to perform single-cycle 
FIR filters without external memory or other hardware. The 
ADSP-1101 performs six-cycle radix-2 butterfly operations entirely 
on-chip. Sums of products algorithms, including Taylor series, 
can also be performed on-chip. 

The ADSP-1101 has two input ports. Each pprf c^ trs^^f 
two 16-bit words per cycle. The Y registei:§ ipaylje M&ed freon 
either input port. One pair of X in|>]^ti^^|ei^ #€oada^^^^^ 
the X-Port, the second pair, fromt!;tiie Y^I*ortr Both a<^IMui[^orJ' 
may be loaded from the Y-Port. - ^ 

Y input register values can be passed through A^LePc Unit 

prior to entering the Multiplier Array. The A<lder/Subtractot:| J ? 
result may be routed to either or both accumulators, the ' 

Y registers, or the output port (via the 7-Bit Right/Left Output 
Shifter). Accumulator contents may be routed to the Adder/ 
Subtracter and/or the output port (via the Output Shifter). 

Block Floating-Point Control is implemented entirely on-chip. 

The ADSP-110Ts 20-bit Z-Port can output a 16-bit data word 
or Status Register on its lower-order 16-bits and extension data, 
status flags, or autonormahzed output exponents on its high-order 
4 bits. The 16-bit data word can come from either accumulator 


ADSP-1101 FUNCTIONAL BLOCK DIAGRAM 
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or direcidy^^^?|he Adder/Subtracter. Like the two input ports, 
the ouf]|i^t^,rt ^ transfer data at twice the clock rate. 

iJli^^P^-liOTs 39-bit instruction is partitioned to allow inde- 
^^ent controj of its functional elements. Subfields that do not 
ffinge cs^il^ llsm^ved from the system microcode word. Many 

S ins|pi^oi^^ay & conditioned on internal or external status 

s, ADSP-1101 is available for both commercial and military 
pera^re ranges. Extended temperature range parts are avail- 
a^^l^iti^^gh-reliabihty processing (“PLUS” parts). MIL-grade 
pMi^tare W^able processed fully to MIL-STD-883, Class B. 


ORDERING INFORMATION 


ADSP-1101TG/883B — Processing 

I J- Package 

_ Performance, 

Temp. Range 


Analog Devices 
- Digital Signal 
Processing 


Package 

G-Pin Grid Array 


Blank-Standard 
+ - High Reliability 

883B -MIL-STD-883 


Performance/ 

Temperature 

J - Standard, 0 to -I- 70°C 
K-High Speed, 0 to +70°C 
S-Standard, - 55°Cto -I-125-0 
T-HighSpeed, -55°Cto 125“C 
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ANALOG 

DEVICES 


FEATURES 
High Speed 

35ns Pipelined Multiply Time (ADSP-1102/1103) 

65ns Multiply Time 

250mW Power Dissipation with TTL-Compatible 
CMOS Technology 

Improved Second Sources to Am29516, Am29517, 
MPY016HJ1 and MPY016KJ1 
Twos-Complement, Unsigned-Magnitude or 
Mixed-Mode Multiplication 
Single +5 Volt Power Supply Operation 
Available in Hermetically-Sealed 64-Pin DIP, 
Hermetically-Sealed 68-Pin Grid Array, or 
Plastic 64-Pin DIP 

Available Specified from -SSX to -I-125X Ambient 

APPLICATIONS 
Fourier Transformations 
Digital Filtering 
Matrix Manipulations 
Video Processing 
Array Processing 

GENERAL DESCRIPTION 

The ADSP-1102, ADSP-1103, ADSP-1516, and ADSP-1517^8re. 
high-speed, low-power 16x16-bii multipliers fabricated ip double- 
metal, 1.5 micron CMOS. The ADSP-1102 and AJgSP-^^^^^^^^' ’ 
pin-for-pin compatible (in a DIP package) wit^ Ai^ncei|iMlcro 
Devices* Am29516. The ADSP-1103 and 1^^^ pin-for- 

pin compatible (in a DIP package) 17. 

The ADSP-1102/1103 have intern^^^^e^^ regis_^^ ^ab]^% ^ 
by the PPLN control) that nearly l^e their 


16x16-Bft CMOS Multipliers 
with Optional Pipeline 


ADSP-1102/1103/1516/1517 


ADSP-1102/1103 AND ADSP-1516/1517 
FUNCTIONAL BLOCK DIAGRAM 



The LSP can be routed back through the Y input port, multiplexed 
through the protect output port, or both. A pin used for supply 
GND in tJ|^|!S^16HJl, MPY016KJ1, ADSP-1016, and ADSP- 
I016A iA^jtioimly redefined as a MSP select control pin. 
Wh^^)% tlil^MSP select control multiplexes the MSP to the 
^«J|re^&fe driver at the product port, insuring the compatibility 
AD^-1%2 and ADSP-1516 with the MPY016HJ1, 

and ADSP-1016A. When high, the 
^^Sect^i&oi makes the LSP available at the product port. 

1^) pins are diode-protected. The input, LSP, and MSP 

^l^^iSers are D-type postive-edge-triggered flip-flops. With the 
l % ADSRrll^^^l6, all four registers are controlled by independent 
cl<rffain^^^th the ADSP-1103/1517, there is a single clock, 
ll^gabl^ by three independent register enables for the two input 


clocked multiply time to a throughput rate c^^is.^^|^tower-^%|, ‘^^sters and the pair of product registers. Independent controls 
ADSP-1516/1517 lack this pipeline register an^ire functions^ t|dr the input registers simplify repeated multiplication by a 


identical to the Am29516/29517. The ADSP-1102/1516 differ 
from the ADSP-1103/1517 only in how internal registers are 
clocked. 

The power consumption of each of these four multipliers is at 
or below 200mW, less than 5% of the power required by equivalent 
bipolar and ECL multipliers. The differential between these 
devices’ junction temperature and the ambient temperature stays 
small because of this low power dissipation. Thus, unlike most 
equivalent bipolar and ECL devices, they can be safely specified 
for operation at environmental temperatures over their extended 
range (-55°C to + 125°C ambient). 

The four multipliers each have two 16-bit input ports and a 
16-bit product output port. The inputs can be twos-complement, 
unsigned-magnitude or mixed-mode. The internal multiplier 
product is 32 bits in width and consists of a 16-bit Most Significant 
Product (MSP) and a 16-bit Least Significant Product (LSP). 


constant. Three-state outputs and clocked inputs allow the four 
multipliers to be connected directly to a 16-bit bus. 

The RND control rounds the product to the 16 most significant 
bits by adding a 1 to the Most Significant Bit (MSB) of the 
LSP. The FA control format-adjusts twos-complement output 
by shifting the MSP and the MSB of the LSP left one bit and 
then repeating the sign bit in the MSB of the LSP. For asyn¬ 
chronous output, the feed-through (FT) control allows the LSP 
and MSP to bypass the output registers and flow directly to the 
three-state output drivers. 

These four multipliers are all available for both commercial and 
MIL temperature ranges. Extended temperature range parts are 
available with high-reliability processing (“PLUS” parts). MIL 
grade parts are available processed and tested fully to MIL-STD- 
883, Class B. Additionally, all versions are available in either a 
64-pm hermetically-sealed ceramic DIP, a hermetically-sealed 
68-pin grid array, or a plastic 64-pin DIP. 
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ANALOG 

DEVICES 


16 X 16-Bit CMOS 
Single-Port Multiplier/Accumulator 


ADSP-1110A 


FEATURES 

16 X 16-Bit Parallel Multiplication/Accumulation 
40-Bit Wide Accumulator with Overflow Flag, Satura¬ 
tion Arithmetic, and Shift-Left Control 
Twos-Complement or Unsigned Magnitude Inputs 
85ns Multiply/Accumulate Time 
Low-Power TTL-Compatible 1.5 Micron CMOS 
Technology 

150mW Max Power Dissipation 
28-Pin DIP (Ceramic or Low-Cost Plastic) 

GENERAL DESCRIPTION 

The ADSP-11 lOA is a high-speed, low-power, single-port 16 x 16- 
bit multiplier/accumulator (MAC), with processing throughput 
comparable to existing three-port MACs. Its single-bus structure 
offers unique advantages: more compact packaging in a 28-pin 
DIP, simpler interface to a single-bus system, and significantly 
reduced cost. In addition, innovative on-chip features extend 
the ADSP-1 llOA’s capabihties and eUminate external hardware. 

The ADSP-1 IlOA is optimal for applications where board space 
is limited but high throughput is required. In addition, a micro¬ 
processor-based system can reahze greater throughput by utilizing 
the ADSP-1 IlOA in an accelerator. 

All inputs to and outputs from the ADSP-1 IlOA pass through 
its single 16-bit I/O port. All I/O operations are single-cycle. A 
multiply or multiply/accumulate operation requires two cycles to 
complete—consistent with the two cycles required to load input 
pairs to the multiplier. An internal pipeline register enables new 
inputs to be loaded as the previous multiply/accumulate is com¬ 
puted—allowing the device’s full 11.8MHz computational 
bandwidth to be utilized. 

A six-bit microcode instruction word governs the ADSP-1 llOA’s^, 
operation. The instruction set centers around I/O and multiply/ 
accumulate operations. Additional instructions allow extr# 
sion in single- and double-precision operations to b^ obtjuhpi; 
efficiently. 

Multiplier products are accumulated in Multip^er 

Result (MR) register, which consis|#"b|^'|j6'-&' l^S ' 

Significant) and LS (Least Significa%|^regilter, a^#ln'|-bit|E^ 
(Extension) register. Either multiplieMnput 
plement or unsigned magnitude number. Ovei%)w%i£ the 


ADSP-lllOA SINGLE-PORT 2V1AC BLOCK DIAGRAM 


INPUT-OUTPUT 

I/O,o 0 

INSTRUCTIONS 



lower ,32 Mt^^- the MR into the upper eight guard bits is detected 
apd ^^^e?^ofiitored externally. Outputs can, conditional upon 
Status, be saturated to full scale. An MR register can 
^fted lp|t b^pne bit upon output; two independent controls 
Mlow rqunc^^^^pilsisfent with output formatting. 

THf %pSl^rH10A is available for both commercial and military 
e^^tifini^ratoe ranges. Extended temperature range parts are avail- 
vjtbfe with high-reliability processing (“PLUS” parts). MIL-grade 
^ parts ^e av^ble processed fully to MIL-STD-883, Class B. 
Paeld[|^ing ^tions include a 28-pin ceramic DIP and a low-cost 
'^^^in'^astic DIP. 


ORDERING INFORMATION 


ADSP-l 110ATD/883B- 



Performance, 
Temp. Range 


Analog Devices 
’ Digital Signal 
Processing 


D-Ceramic DIP 
N-Plastic DIP 

Processii^ 

Blank-Standard 
+ - High Reliability 

883B -MIL-STD-883 


Performance/ 

Temperature 

J - Standard, 0 to + 70°C 
K-HighSpeed,0to-t-70°C 
S-Standard, -55°Cto + 125°C 
T- High Speed, - 55°C to + 125°C 
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FEATURES 

16-Bit Addressing Capability 
Look-Ahead^*'^ Pipeline 
Extensive Interrupt Handling 
Ten On-Chip Interrupt Vectors 
70n$ Cycle Time 
35ns Clock-to-Address Delay 
64-Word RAM for Storing 
Subroutine Linkage 
Jump Addresses 
Counters 
Status Register 

Low-Power TTL-Compatible 1.5 Micron CMOS 
Technology 

150mW Max Power Dissipation 
48-Pin DIP (Ceramic or Low-Cost Plastic) 

GENERAL DESCRIPTION 

The ADSP-1401 is a high-speed microprogram controller op¬ 
timized for the demanding sequencing tasks found in digital 
signal processors and general purpose computers (e.g. looping, 
jumping, branching, subroutines, condition testing and inter¬ 
rupts). In addition to high speed and large addressing range, it 
has unique features that make it highly versatile: 

• on-chip control of ten prioritized and maskable 

interrupts ^ 

• four decrementing event counters 

• absolute, relative and indirect addressing capabili^ 

• download capability (writeable control stor|)^^ 

• a dynamically configurable 64-word RAM. 

During each micro-instruction, the AE^ ^^^ fciAitors status';/ ' j 
indicators and the current instruc^^^Wt^imie th^iSh ' 

microprogram address. This addre^&n rame fr^rfb^olp' ^ 
several sources: the stack, the jump Iddresp|^o^tf ^^TRAAL 
the data port, the interrupt vectors, or the mic^r<^fii coui^P 
An extensive set of conditional instructions is a^ilable, inclu^^ 
jumps, branches, subroutines, interrupts, and writeable contror 
store. 

The ADSP-140rs internal 64-word RAM is used for interrupt 
and subroutine linkage via the stack. It also provides the ability 
to associate coimters, jump addresses, and the status register 
with nested interrupts and subroutines. 


ADSP-1401 PROGRAM SEQUENCER 



Interrupts are hspdled entirely on chip. The ADSP-140rs internal 
interrupt con^^gic includes registers for eight external interrupt 
vectors^^&sl'^^ister, and a priority decoder. Two additional 
vec^lp^^l^^rved for internally-generated interrupts resulting 
'^o^^^^er underflow and stack limit violation. 

lota’s four decrementing 16-bit counters are used to 
l^track loop#^d^^s. These counters are referenced by 
^v^^%o AShal instructions and can also trigger an internal 

ADSP-140rs Look-Ahead pipeline eliminates the need for 

S an e^eiALpucrocode pipeline register by internally latching 
i^^cti^^lad addresses. A complementary latching arrangement 
^a few instruction to be decoded (in preparation for the 
\^g cycle) while the program memory address for the 
ent cycle is held constant. 

The ADSP-1401 is available for both commercial and military 
temperature ranges. Extended temperature range parts are avail¬ 
able with high-reliability processing (“PLUS” parts). MIL-grade 
parts are available processed fully to MIL-STD-883, Class B. 
Packaging options include a 48-pin ceramic DIP and a low-cost 
48-pin plastic DIP. 


ORDERING INFORMATION 


ADSP-1401TD/883B 



Performance, 
Temp. Range 


Analog Devices 
• Digital Signal 
Processing 


Package 
D-CeramicDIP 
N-Plastic DIP 

Processing 
Blank - Standard 
+ -High Reliability 
883B -MIL-STD-883 


Performance/ 

Temperature 

J - Standard, 0 to + 70°C 
K-High Speed, 0 to+70“C 
S-Standard, -SS-Cto + 125“C 
T-High Speed, - 55°Cto -h 125'’C 


Look-Ahead is a trademark of Analog Devices, Inc. 
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FEATURES 

16-Bit Addresses with Higher Precision Options 

Look-Ahead^*^ Pipeline 

80ns Cycle Time 

20ns Clock-to-Address Delay 

Versatile Addressing Hardware: 

3016-Bit Registers 

16-Bit ALU with Left/Right Shift & Carry I/O 
Comparator 
Bit Reverser 
Dual Ports 

Powerful Single-Cycle Looping Instructions 
Low-Power TTL-Compatible 1.5 Micron CMOS 
Technology 

175mW Max Power Dissipation 
48-Pin DIP (Ceranfiic or Low-Cost Plastic) 

GENERAL DESCRIPTION 

The ADSP-1410 is a fast, flexible address generator optimized for 
digital signal processors and general purpose computers. This low- 
power CMOS device rapidly generates the data memory addresses 
required by routines such as digital filters, FFTs, matrix opera¬ 
tions, and DMAs. 

The ADSP-1410’s 10-bit microcode instructions include com¬ 
mands for looping, register read/writes, internal data transfers, and 
logical/shift operations. An internal Alternate Instruction Register 
(AIR) can also provide the instruction under external control, al¬ 
lowing microcode to be conserved in many applications. 

In a single instruction cycle, the ADSP-1410 can: 

• output a 16-bit memory address 

• modify this memory address 

• conditionally reinitialize the address based on a 
comparison with a preset value. 

Consequently, circular buffers and modulo addressing of data 
memories can be implemented without overhead. 

The ADSP-1410’s architecture features a 16-bit ALU, a com¬ 
parator, and 30 16-bit registers. The registers are organized into 
four files: sixteen address registers, six offset registers, four 
pare registers, and four initialization registers. 

The ADSP-1410 has a 16-bit address (Y) port for 

dresses and a 16-bit data (D) port for I/O betwe^4]^tiS4 feu ex- 


ADSP-1410 ADDRESS GENERATOR 



ternal registers. A value provided by the f^^a^siillibrve 
input to the 1410*s ALU or may be direcily 0 Btp% o^er the^c^ress, 
port. "C " 


ORDERING INFORMATION 

sing Package 

tg D - Ceramic DIP 

N-Plastic DIP 

Processing 
umber „ . „ 

Blank-Standard 

! Devices + - High Reliability 

1 Signal 883B -MIL-STD-883 


Performance/ 

Temperature 

J-Standard, 0 to +70°C 
K - High Speed, 0 to + 70°C 
S- Standard, - SStto + laS'C 
T-High Speed, -55°Cto + 125°C 


The AD^^^14||i*slLook-Ahead pipeline eliminates the need for an 
e^l^r^ i^0^^e pipeline register by internally latching instruc- 
Sddresses; ^ complementary latching arrangement allows 
instructi^iip l^.^coded (in preparation for the following 
'%ycle) jwl^’^&^ yta'''ttiemory address for the current cycle is held 

i^.i^El^rll’ecision (30-bit), single-cycle addressing can be perform- 
casc^dii^^o ADSP-1410’s. Alternatively, a single 
% ADSP-?J^^ c^fillDvide one double-precision address every two 

is available for both conmiercial and military tem- 
% j^iralure ranges. Extended temperature range parts are available 
^^"with high-reliability processing (“PLUS” parts). MIL-grade parts 
are available processed fully to MIL-STD-883, Class B. Packaging 
options include a 48-pin ceramic DIP and a low cost 48-pin plastic 
DIP. 

Look-Ahead is a trademark of Analog Devices, Inc. 
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FEATURES 

Fully Compatible with IEEE Standard 754 
Three Data Formats: 

32-Bit Single-Precision Floating Point 
64-Bit Double-Precision Floating Point 
32-Bit Fixed Point 
High Speed: 

Single-Precision Throughput of 
100ns/10 MEGAFLOPS 
Double-Precision Throughput of 
400ns/2.5 MEGAFLOPS 
Fixed Point Throughput of lOOns/IOMHz 
Low Latency for Scalar Operations: 

300ns Single-Precision Latency 
600ns Double-Precision Latency 
300ns Fixed-Point Latency 

Two-Port Structure Supports Full Data Transfer Rate 
One Internal Pipeline Stage 
Low-Power TTL-Compatible 1.5 Micron CMOS 
Technology 

400mW Max Power Dissipation 
Fully Registered I/O and Controls 
Three-State Outputs with Separate Enables 
100-Lead Pin Grid Array 

GENERAL DESCRIPTION 

The ADSP-3210 is a high-speed floating point multiplier. The 
ADSP-3210 and its companion ALU, the ADSP-3220 are basic 
building blocks for high-speed numerical processors. These 
devices offer a full set of operations on three data formats: 32-bit 
single-precision floating point, 64-bit double-precision floating 
point, and 32-bit twos-complement fixed point. 

The ADSP-3210 provides a high-speed, low-power solution to 
floating point multiplication requirements. Pipelined results are,^ 1 
produced every 100ns for single-precision floating point and 
fixed-point data formats. The direct operand feed mode allows a 
low total latency of 300ns ^ Pipelined double-pre^i^ 
point results are produced every 400ns. Max^n^^^d'^^tesi- ^ 
pation is less than 400mW, worst case. 

The ADSP-3210’s data formats and'^^^n^)olht opp'a^ns 
conform to the proposed IEEE Stand^ 754. Th^% Ag^ ) " 
supports all four rounding modes in tlie stan^^ f^j||^lhree r, 
data formats. All four exception conditions—ove^w'funderflow^ 
invalid operation, and inexact result—are flagged by dedicated 
status pins. 


ADSP-3210 IEEE FLOATING POINT MULTIPLIER 


kO (32 BITS) pA1|32BITS) p BO 132 BITS) ^B1 (32 BITS) c 


PIPELINE REG ^ PIPELINE REGISTER 




The ADSg^33|0 a two-port structure: one 32-bit input port 
and 3j^^it Output port. Two 32-bit registers are available 
^ f(5%ea^l5|iiie A and B operands. Data inputs and outputs 

at twice t|ie cycle rate, allowing two 32-bit input operations 
i %id one 64-^%pul^U4toperation on every cycle. All inputs and 
^outpq^'''Si'e i^liiefEd. 

'%i^^l^^32 l0 is available for both commercial and military 
l^il^jpipature ranges. Extended temperature range parts are avail- 
'^ble with ^^-reliability processing (“PLUS” parts). MIL-grade 
part^^ processed fully to MIL-STD-883, Class B. 

4- processing + 6utput delay of most significant output 


ORDERING INFORMATION 



Performance, 
Temp. Range 


Analog Devices 
- Digital Signal 
Processing 


Package 

G - Pin Grid Array 


Processing 
Blank-Standard 
+ -High Reliability 
883B -MIL-STD-883 


Performance/ 

Temperature 

J - Standard, 0 to + 70'’C 
K-High Speed, 0 to+70“C 
S-Standard, -55»Cto + US^C 
T-High Speed, -55’Cto + 125“C 
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ANALOG 

DEVICES 


FEATURES 

Fully Compatible with IEEE Standard 754 
Three Data Formats: 

32-Bit Single-Precision Floating Point 
64-Bit Double-Precision Floating Point 
32-Bit Fixed Point 
Three Classes of Operations: 

Arithmetic 

Logical - Negate, AND, OR, XOR, Pass, Clear 
Data Conversion - Between All Formats 
Performs Operations on Denormalized Numbers 
High Speed: 10MHz Throughput for All Operations on 
All Data Formats 
Low Latency 

250ns for Single-Precision Operations 
350ns for Double-Precision Operations 
Three-Port Structure Supports Full Data Transfer Rate 
One Internal Pipeline Stage 
Low-Power TTL-Compatible 1.5 Micron CMOS 
Technology 

400mW Max Power Dissipation 
Fully Registered I/O and Controls 
Three-State Outputs with Separate Enables 
144-Lead Pin Grid Array 

GENERAL DESCRIPTION 

The ADSP-3220 is a floating point ALU with a full complement 
of arithmetic, logical and data conversion operations. The ADSP- 
3220 and its companion multiplier, the ADSP-3210, are basic 
building blocks for high-speed numerical processors with opera¬ 
tions on three data formats: 32-bit single-precision floating point, 
64-bit double-precision floating point, and 32-bit twos complement 
fixed point. 

The ADSP-3220 provides a high-speed, low-power solution to 
floating point processing requirements. Pipelined results of all 
operations are produced every 100ns for all data formats. The 
direct operand feed mode allows a low total latency of 250ns^ 
Maximum power dissipation is less than 400mW, worst case. ; ’ 

The ADSP-3220’s data formats and floating point operalt<^iii!^i.5V'' 
conform to the proposed IEEE Standard 754. Th| ^pSP%^^i>" 
supports all four rounding modes in the stand^'^^r^^l^j^i^be 
data formats. All four exception conditioi^^^e^^Pi.Snderf]ipw^) 


IEEE Floating Point ALU 


_ ADSP-3220 

ADSP-3220 FLOATING POINT ALU 




invalid operation, and inexact result—are flagge< 
status pins. 

^Data setup + processing + output delay of most sign! 


The ADS^-J^O’s three-port structure accommodates the full 10 
MEG^j[lL"(^^%iroughput rate for double-precision operations, 
-P^Ioidiii^fHvo S4-bit operands on each cycle and operating internally 
^ S^l^u^-bit ^ide'^ata paths. Four input registers are available 
% ]fer eacl|,.^of B operands. Each input port can load any 

of ihbf eight ^put registers, allowing the ADSP-3220 to be con- 
one input port. 

-3220 is available for both commercial and military 
:|/%emper;ati^|^|nges. Extended temperature range parts are avail- 
able^|th l^teeliability processing (“PLUS” parts). MIL-grade 
|^|ts a1^ a^ilable processed fully to MIL-STD-883, Class B. 


ORDERING INFORMATION 


ADSP-3220TG/883B 



Performance, 
Temp. Range 


Analog Devices 
- Digital Signal 
Processing 


G - Pin Grid Array 


Blank - Standard 
+ -High Reliability 
883B -MIL-STD-883 


Performance/ 

Temperature 

J - Standard, 0 to + 70°C 
K-High Speed, 0 to+ 70'’C 
S-Standard, -55°Cto -t- 125°C 
T-HighSpeed, -55°Cto + IZS'-C 
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ANALOG 

DEVICES 


12-Bit, 1MHz 
Analog-to-Digital Converter 


HAS-1201 


FEATURES 
12-Bit Resolution 
1MHz Word Rate ^ 

T/H and Timing Circuits Included 
Single Hybrid Package 

APPLICATIONS 
Radar Systems 
Medical Instrumentation 
Electro-Optics Systems 
Test Systems 
Digital Oscilloscopes 


GENERAL DESCRIPTION 

The HAS-1201 A/D Converter combines high resolution and 
speed in a single hybrid package. This is a complete 12-bit, 

IMHz unit which includes a track-and-hold and timing circuits. 
It’s a total solution for the system designer who needs to perform 
the entire analog-to-digital conversion ftmction in the smallest 
possible space. 

This remarkable converter is a full answer to the question of 
digitizing analog signals into high-resolution data outputs and 
doing it in the most cost-effective way. The HAS-1201 is the 
ideal choice for the designer who needs state-of-the-art performance 
in high-resolution, high-speed A/D conversion. 


HAS.1201 FUNCTIONAL BLOCK DIAGRAM 


enable 





-5.2V -t-SV -1SV +1SV GROUND 

Full-scale analog inputs are 5 or 10 volts; and the unit can operate 
with either bipolar or unipolar ranges. Analog input impedance 
is 1,000 ohms or 2,000 ohms and the three-state digital outputs 
are TTL compatible. The user needs to supply only an encode 
command and external power supplies for operation. 

All models of the HAS-1201 A/D Converter are housed in 46-pin 
metal hybrid packages. The HAS-1201KM operates over a 
temperature range of 0 to +70°C. The HAS-1201SM is rated 
over an operating temperature range of - 25°C to + 85°C, but 
will oiperate with derated performance over a range of - 55®C to 
•f 100°C. For units operating from - 25‘’C to + 85°C and military 
screening, order HAS-1201SMB; contact the factory for details 
about derated performance and military screening. 


This two-page data summary contains key specifications to speed your selec¬ 
tion of the proper solution for your application. Additional information on this 
product can be obtained from your local sales office. 
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SPECIFICATIONS 


(typical @ + 25ft with nominal power supplies unless otheiwise noted) 


Parameter 

Units 

HAS-1201KM HAS-1201SM/SMB 

RESOLUTION (F$=FuU Scale) 

Bits. 

12 

* 


%FS 

0.025 

* 

ACCURACY 




Gain 

%FS 

±3 

★ 

Gain vs. Temperature 

ppm/®C 

80 

* 

Linearity @ dc 

%FS ±1/2LSB 

0.0125 

* 

Diff. Nonlinearity vs. Temp. 

ppm/°C 

10 

15 

Monotonicity 


Guaranteed 

* 

DYNAMIC CHARACTERISTICS 




In-Band Harmonics^ 




(dctolOOkHz) 

dB below FS (min) 

80(75) 

* 

(lOOkHz to 500kHz) 

dB below FS 

75 

* 

Conversion Rate 

MHz, max 

1.05 

1.00 

Conversion Time^ 

ns, max 

950 

* 

Over Temperature 

ns, max 

950 

1000 

Aperture Uncertainty (Jitter) 

ps, rms 

30 

* 

Aperture Time (Delay) 

ns 

25 

*. 

Signal to Noise Ratio (SNR)^ 

dB (min) 

68(65) , 

* 

T ransient Response'* 

ns (max) 

600(1000) 

* 

Overvoltage Recovery^ 

ns 

1000 

* 

Input Bandwidth 




Small Signal, - 3dB* 

MHz 

2 

it 

Large Signal, - 3dB^ 

MHz 

2 

★ 

Two-Tone Linearity {@ input frequencies) 




(75kHz; 105kHz) 

dB below FS 

80 

★ 

ANALOG INPUT 




Voltage Ranges 

V,p-pFS 

5.0/10.0 

* 


V,max 

±15 - 

* 

Impedance (5V/10V Input) 

n(max) 

1000/2000 (±1%) 

* 

Bipolar Offset* 




Initial (5V Input) 

mV (max) 

±2(±10) 

it 

vs. Temperature 

FS ppm/^C (max) 

50(200) 

. * 

DIGITAL INPUTS 




Logic Levels, TTL-Compaitible 

V 

“0” = 0to +0.4 

it 


V 

“1”=+2.4 to +5 

*■ 

Impedance 

LS TTL Loads 

3 

★ 

Rise and Fall Times 

ns, max 

10 

* 

Frequency 

MHz, max 

1.05 

1.00 

Encode Command Width’ 




Min 

ns 

50 

* 

Max 

ns 

Encode Period - 350ns 

★ 

Register Strobe Width 




Min 

ns 

SO 

* 

Max 

ns 

Encode Period - 350ns 

* 

Enable Width 




Min 

ns 

100 

* 

DIGITAL OUTPUTS 




Format 

Bitl, 




Bit 1-Bit 12 

3-State; NRZ 

* 

Logic Levels, TTL-Compatible*® 

V 

“0” = 0to +0.5 

* 



“1”= +2.4to +5 

* 

Drive 

TTL Loads 

1 

* 

Time Skew 

ns, max 

10 

* 

Delay: Register Strobe to 




Output Data Validity 

ns 

30 

* 

Coding 


Complementary Binary 




(CBIN) 

* 



Complementary Offset 




Binary (COB) 

★ 



Complementary 2’s 




Complement (C2SC) 

* 

POWER REQUIREMENTS 




-H5V±5% 

mA (max) 

55(70) 

it 

-15V ±5% 

mA (max) 

65(80) 

it 

+ 5W ± 5% 

mA (max) 

195(235) 


-5.2V ±5% 

mA (max) 

35(40) 


Power Consumption 

W(max) 

3.0 (3.6) 


TEMPERATURE RANGE" 




Operating 

°C 

Oto +70 

-25 to +85 

Storage 


-55 to+ 150 

* 

THERMAL RESISTANCE*^ 




Junction to Air, Oja (Free Air) 

°c/w 

12 

* 

Junction to Case, Ojc 

°c/w 

2.5 

* 


OUTLINE DIMENSIONS 

Dimensions shown in inches and (mm). 


0.2305 

(5.855) 


0.210 

(5.334) 


-Hh- 
0.018 ±0.002 
(0.457) 



HAS-1201 PIN DESIGNATION 


PIN 

FUNCTION 

PIN 

FUNCTION 

46 

+ 5V 

1 

-I-5V 

45 

-15V 

2 

GROUND 

44 

UNIPOLAR POSITIVE 

3 

ENCODE COMMAND 

43 

UNIPOLAR NEGATIVE 

4 

GROUND 

42 

-5.2V 

5 

GROUND 

41 

GROUND 

6 

DO NOT CONNECT* 

40 

5V RANGE IN 

7 

GROUND 

39 

10V RANGE IN 

8 

REGISTER STROBE 

38 

OFFSET 

9 

-I-5V 

37 

DO NOT CONNECT* 

10 

ENABLE 

36 

GROUND 

11 

BIT 1 (MSB) 

35 

-15V 

12 

BIT 1 (MSB) 

34 

NO CONNECTION 

13 

BIT 2 

33 

NO CONNECTION 

14 

Bif3 

32 

-H5V 

15 

bTm 

31 

-H5V 

16 

irfs 

30 

GROUND 

17 

life 

29 

GROUND 

18 

BIT? 

28 

GROUND 

19 

BiT8 

27 

GROUND 

20 

BiT9 

26 

GROUND 

21 

Brno 

25 

GROUND 

22 

Birn 

24 

GROUND 

23 

BiT12(LSB) 


NOTE: 

PINS 2, 4,5,7,24-30,36 and 41 NEED TO BE CONNECTED 
TO THE SAME COMMON GROUND AS CLOSE TO CASE AS 
POSSIBLE. POWER SUPPLY VOLTAGES NEED TO BE 
CONNECTED TO ALL DESIGNATED PINS. 

•FOR FACTORY USE ONLY. 

NOTES 

'In-Band Harmonics expressed in terms of spurious in-band signals 
generated at IMHz encode rate at analog inputs shown in ( ). 
^Measured from leading edge of Encode G)mmand to time associated 
data are valid. 

^RMS signal to rms noise ratio vrith KXlkHz analog input. 

^For full-scale step input, 12-bit accuracy attained in specified time. 
^Recovers to specified performance in specified time after 2 X FS input 
overvoltage. 

^ith analog input 40dB below FS. 

^ With FS analog input. (Large-signal bandwidth flat within 0. SdB, 
dctoSOOkHz.) 

‘Externally adjustable to zero. 

ransition from digital “0” to digital “1” initiates encoding. 

'“Output dau are TTL-compatible when analog input is within specified 
range. Negative over-voltage inputs cause tri-state output to drift 
to “high” condition and may create erroneous output (see text). 

' 'Case Temperature. Models HAS-1201SM/SMB will operate with 
derated performance over temperature range of - 55°C to + 1(X)°C; 
contact factory for details. 

'^Maximum junction temperature is + 1S0°C. 

Specifications subject to change without notice. 
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ANALOG 

DEVICES 


Ultra-Fast Hybrid 
Analog-to-Digital Converters 


HAS-1202/1202A 


FEATURES 

Conversion Time of 1.56(«,s (HAS-1202A) 
12-Bit Resolution 
Conversion Rates to 641kHz 
Adjustment-Free Operation 

APPLICATIONS 
Waveform Analysis 
Fast Fourier Transforms 
Radar Systems 


GENERAL DESCRIPTION 

The HAS-1202 and improved HAS-1202A A/D Converters are 
thick-film hybrid 12-bit converters housed in 32-pin ceramic or 
metal DIP packages. They can be used with high-performance 
track-and-hold (T/H) amplifiers to solve high-speed, high-reso¬ 
lution digitizing problems economically and feature conversion 
times of 2.86|jls (HAS-1202) and 1.56ps (HAS-1202A). 

These converters and the Analog Devices Model HTC-0300A 
T/H offer designers an opportunity to go from analog to digital 
with savings in power, board space, design time, and component 
costs. 



They are ideally suited for applications which require excellent 
performance with a minimum of adjustments. Included in these 
potential uses are radar systems, PCM, data acquisition systems, 
and digital signal processing (DSP) systems of various kinds. 


The HAS-1202 and HAS-1202A are rated over an operating 
temperature range of 0 to + 70°C and are packaged in 32-pin 
DIP ceramic housings. The HAS-1202M and HAS-1202AM are 
rated over a range of - 25®C to + 85°C and are packaged in 
metal cases. For metal case units with an operating range of 
- 55°C to + 100°C and military screening, order part numbers 
HAS-1202MB or HAS-1202AMB. Their performance character¬ 
istics are identical except for differences in conversion rates; the 
HAS-1202 is specified for a maximum rate of 349kHz, while the 
HAS-1202A is capable of operating up to 641kHz. 


This two-page data summary contains key specifications to speed your selec¬ 
tion of the proper solution for your application. Additional information on this 
product can be obtained from your local sales office. 
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SPECIFICATIONS 


(lypical® +25't with nominaiiimver supplies unless 



I1AS4202A 

■TTfSTffill 

MAXIMUM RATINGS 




Positive Supply (Pin 4) 


-l-ieVDC 

* 

Negative Supply (Pin 28) 


-16VDC 

* 

(Logic Supply (Pins 2,27,31) 


-I-7VDC 

* 

Analog Input (Pin 26) 


20V 

* 

Logic Input 


-I-7V 

* 

(Encode Command @ Pin 32) 




Temperature 




Operating (Case) 


-55Xto-l-100X 

* 

Storage 


-55Xto-l-125X 

. « 

Parameter 

Units 

HAS-1202A 

HAS-1202 

RESOLUTION (FS =» Full Scale) 

Bits(%FS) 


* 

LEAST SIGNIFICANT BIT (LSB) WEIGHT 

mV 

2.5 

* 

ACCURACY 




Monotonicity 


Guaranteed 

* 

Integral Nonlinearity 

LSB 

±1/2 

* 

Differential Nonlinearity 

LSB 

±1/2 

* 

Nonlinearity vs. Temperature 

ppm/'’C 

3.5 

* 

Gain Error 

%FS,max 

0.8(0.18) 

★ 

Gain vs. Temperature 

ppm/®C 

60 

* 

Gain vs. Power Supply Changes 

ppm/mV 

2.2 

A 

DYNAMIC CHARACTERISTICS 




Conversion Rate 

kHz, max 

641 

349 

Conversion Time’ 

p.s,max 

1.56 

2.86 

vs. Temperature 

%/°C 

0.08 

A 

ANALOG INPUT 




Voltage Ranges 




Bipolar 

V 

±5.12 

* 

Unipolar 

V 

Oto-1-10.24 

* 

Overvoltage 

V,max 

20 

* 

Impedance 

n,max 

1,000 (±20) 

A 

Offset^ 




Initial 

mV, max 

7(38) 

A 

vs. Temperature 




Unipolar Input 

ppm/®C 

7 

* 

Bipolar Input 

ppm/°C 

35 

A 

ENCODE COMMAND INPUT’ 




Logic Levels, TTL-Compatible 

V 

“0”=0to +0.4 

A 



“r’=+2.4to+5 

A 

Impedance 

TTL Loads 

l“S”andr‘LS” 

A 

Rise and Fall Times 

ns, max 

10 

A 

Width 




Min 

ns 

50 

A 

Frequency 

kHz 

dc to 641 

dc to 349 

DIGITAL OUTPUT 




Format 

Data Bits 

12 Parallel; NRZ 



Data Ready 

1;RZ 

* 

Logic Levels, TTL-Compatible 

V 

“0” = 0to+0.4 

A 



“l”=+2.4to+5 

A 

Drive 

TTL Loads 

' 5 Standard 

A 

Coding 


Binary (BIN) 




Offset Bin. (OBN) 


POWER REQUIREMENTS 




-H5V±0.5V 

mA (max) 

48(60) 

* 

- 15V ± 0.5V 

mA(max) 

30(46) 

A 

-l-5V± 0.25V 

mA (max) 

150(232) 

A 

Power Dissipation 

W,max 

1.9(2.75) 

* 

TEMPERATURE RANGE'’ 




Operating 

X 

Oto +70 

* 


NOTE: For operating range of -25®C to +85*C,specify HAS-1202M or HAS-1202AM; 
for operating range of - 55®C to + 100°G and military screening, specify 
HAS4202MBorHAS4202AMB._ 


THERMAL RESISTANCE’ 




Junction to Air, Oja 




(Free Air) 

X/W 

38 

A 

Junction to Case, Ojc 

x/w 

18 

A 


NOTES 

*Specifications same as HAS-1202A. 

' Measured fr om leading edge of Encode Command to trailing edge of 
Data Ready with SOns encode pulse. Conversion time increases equally with 
increasing width of Encode Command. 

^Externally adjustable to zero. 

^Transition from digital “0” to digital “1” initiates encoding. 

^Case temperature. Metal case HAS-1202M/HAS-1202AM have operating 
ranges of -25*C to +85‘’C; HAS-1202MB/HAS-1202AMB have operating 
ranges of - 55*^ to + 100"C and military screening. 

’Maximum junction temperamre = ISOT. 

Specifications subject to change without notice. 


OUTLINE DIMENSIONS 

Dimensions shown in inches and (mm). 


CERAMIC PACKAGE 



METAL PACKAGE 



HAS-1202/I202A PIN DESIGNATIONS 

(As viewed from bottom) 


PIN 

FUNCTION 

PIN 

FUNCTION 

32 

ENCODE COMMAND 

1 

DIGITAL GROUND 

31 

+ 5V 

2 

+ 5V 

30 

DIGITAL GROUND 

3 

DATA READY 

29 

BIPOLAR OFFSET 

4 

+ 15V 

28 

-15V 

5 

BIT 1 (MSB) 

27 

+ 5V 

6 

BIT 2 

26 

ANALOG INPUT 

7 

BIT 3 

25 

COMPARATOR INPUT 

8 

BIT 4 

24 

ANALOG GROUND 

9 

BIT 5 

23 

ANALOG GROUND 

10 

BIT 6 

22 

D/A INPUT 

11 

BIT 7 

21 

D/A OUTPUT 

12 

BIT 8 

20 

ANALOG GROUND 

13 

BIT 9 

19 

ANALOG GROUND’ 

14 

BIT 10 

18 

ANALOG GROUND 

15 

BIT 11 

17 

ANALOG GROUND 

16 

BIT 12 


tSIOTE 

Analog Ground (Pins 17-20; 23; 24) and 
Digital Ground (Pins 1 and 30) Are Electrically 
Independent of Each Other. Connect Together 
Externally and to Low-Impedance Ground Plane 


as Close to Device as Possible. 
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ANALOG 

Ultra High-Speed 

Ui DEVICES 

12-Bit A/D Converter 


HAS-1204 


FEATURES 
12-Bit Resolution 
500kHz Word Rates 
Internal Track-and-Hold 
Single 40-Pin DIP 

APPLICATIONS 
Medical Instrumentation 
Radar Systems 
Test Systems 
Waveform Analysis 
Fast Fourier Transforms 


HAS-1204 FUNCTIONAL BLOCK DIAGRAM 



GENERAL DESCRIPTION 

The HAS-1204 A/D Converter is a complete 12-bit hybrid A/D 
converter in a single 40-pin metal DIP. In this context, “complete” 
means the unit includes a track-and-hold (T/H) amplifier, encoder, 
and all the necessary timing circuits. It is a remarkable, self-con¬ 
tained device ready to perform the conversion function without 
the need for external circuits. 

The maximum conversion time of the HAS-1204 is 2.0 micro¬ 
seconds, including the acquisition time of the internal T/H. The 
large-signal bandwidth of the T/H is 4MHz and the small-signal 
bandwidth is 7MHz. This combination of characteristics assures 
that the HAS-1204 will operate at word rates from dc through 
500kHz, digitizing analog signals containing frequency compo¬ 
nents to 250kHz with minimum attenuation or distortion. 

Integrating the T/H, encoder, and timing circuits into a single 
package allows optimum matching of T/H-encoder parameters 
to obtain the best possible performance. It also lowers the overall 
power dissipation to 2.85 watts, making the HAS-1204 an ideal 
choice for designers who face space and/or power restrictions for 
their designs. 


This two-page data summary contains key specifications to speed your selec¬ 
tion of the proper solution for your application. Additional information on this 
product can be obtained from your local sales office. 
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SPECIFICATIONS 


(typical® +25^ with nominal poM«rstipp^ 


Model 

Units 

HAS-12d4BM 

HAS-1204SM 

RESOLUTION (FS = Full Scale) 

Bits(%FS) 

12(0.024) 

* 

LSB WEIGHT 




5V Input Range 

mV 

1.22 

★ 

lOV Input Range 

mV 

2.44 

* 

ACCURACY 




Linearity @dc 

%FS ± 1/2LSB 

0.0125 

★ 

Monotonicity 


Guaranteed 

♦ 

Nonlinearity vs. Temperature 

ppm/°C 

3 

* 

Gain Error 

%FS (max) 

0.1(0.7) 

★ 

Gain vs. Temperature 

ppm/°C 

35 

* 

DYNAMIC CHARACTERISTICS 




In-Band Harmonics* 




(dc to 60kHz) 

dB below FS 

75 

* 

(60kHz to 120kHz) 

dB below FS 

75 

* 

(120kHz to 200kHz) 

dB below FS 

70 

* 

Conversion Rate 

kHz 

500 


Conversion Time 

p,s, max 

2.0 

it 

Aperture Uncertainty (Jitter) 

ps 

60 

it 

Aperture Time (Delay) 

ns (min/max) 

10(4/18) 

, it 

Signal to Noise Ratio (SNR)^ 

dB 

69 

it 

Transient Response* 

ns 

400 


Overvoltage Recovery'* 

ns 

900 

* 

Input Bandwidth 




Small Signal, -3dB® 

MHz 

7 


Large Signal, -3dB* 

MHz 

4 

* 

Two-Tone Linearity ((a' Input Frequencies)^ 




(37.5kHz; 52.5kHz) 

dB below FS 

85 

* 

ANALOG INPUT 




Voltage Ranges 

V,FS 

Oto -5;0to -10 

* 



±5; ±2.5 


Overvoltage 

V,max 

2xFS 

* 

Impedance 




5V Ranges 

n (max) 

1,000(±10) 

* 

lOV Ranges 

n (max) 

2,000 (±20) 

* 

Offset* 




Initial-lOV Input 

mV (max) 

10(60) 

* 

vs. T emperature (U nipolar) 

FS ppm/°C 

15 

* 

vs. Temperature (Bipolar) 

FS ppm/°C 

50 

* 

ENCODE COMMAND INPUT^ 




Logic Levels, TTL-Compatible 

V 

“0” = 0to-t-0.4 

* 



“1”= +2.4 to +5 

* 

Impedance 

LS TTL Loads 

2 

★ 

Rise and Fall Times 

ns, max 

10 

* 

Width 




Min 

lis 

90 

* 

Max 

ns 

160 

* 

Frequency 

kHz 

dc to 500 

* 

DIGITAL OUTPUT*" 




Format 

Data Bits 

12 Parallel; NRZ 

* 


Data Ready 

1;RZ 

★ 

Logic Levels, TTL-Compatible 

V 

“0” = 0to +0.4 

* 



“1”= +2.4 to+5 

★ 

Drive 

TTL Loads 

1 Standard 

* 

Coding 




Unipolar Mode 


Complementary 

* 



Binary (CBN) 


Bifralar Mode 


Complementary 

* 



Offset Binary 




(COB) 


POWER REQUIREMENTS 




-t-15V ±0.5V 

mA,max 

76 

* 

-15V±0.5V 

mA,max 

55 

* 

-f5V±0.5V 

mA, max 

177 

* 

Power Dissipation * * 

W,max 

2.85 

* 

TEMPERATURE RANGE*^ 




Operating 

X 

-25 to+85 

"5510 +100 

Storage 

X 

-65to + 150 

it 

THERMAL RESISTANCE** 




Junction to Air, eja 




(Free Air) 

X/W 

25 

* 

Junction to Case, 6jc 

x/w 

16 

* 


OUTLINE DIMENSIONS 

Dimensions shown in inches and (mm). 



HAS-1204 PIN DESIGNATIONS 

(As viewed from bottom) 


PIN 

FUNCTION 

PIN 

FUNCTION 

40 

ANALOG GROUND 

1 

ENCODE COMMAND 

39 

10V RANGE 

2 

DATA READY 

38 

5VRANGE 

3 

ANALOG GROUND 

37 

GAIN ADJUST 

4 

+ 5V 

36 

-15V 

5 

-15V 

35 

+ 15V 

6 

DIGITAL GROUND 

34 

+ 5V 

7 

BIT 1 (MSB) 

33 

DIGITAL GROUND 

8 

BIT 2 

32 

FACTORY USE ONLY 

9 

BIT 3 

31 

FACTORY USE ONLY 

10 

BIT 4 

30 

-15V 

11 

BITS 

29 

BIPOLAR OFFSET 

12 

BIT 6 

28 

D/A OUTPUT 

13 

+ 5V 

27 

ANALOG GROUND 

14 

DIGITAL GROUND 

26 

ANALOG GROUND 

15 

BIT 7 

25 

ANALOG GROUND 

16 

BIT 8 

24 

ANALOG GROUND 

17 

BIT 9 

23 

ANALOG GROUND 

18 

BIT 10 

22 

CLOCK OUT 

19 

BIT 11 

21 

SERIAL OUT 

20 

BIT 12 (LSB) 


NOTES 

* Specification same as HAS-1204BM 

'In-band harmonics expressed in terms of spurious in-band signals 
generated at 500kHz encode rate at analog input frequencies 
shown in ( ). 

^RAIS signal to rms noise ratio with 50kHz analog input and encode rate of 
500kHz; input signal at - l.OdB. 

^For full-scale step input, 12-bit accuracy attained in specified time. 
‘'Recovers to specified performance in specified time after 2 x FS 
input voltage. 

*With analog input 40dB below FS. 

^With FS analog input. (Large-signal bandwidth flat within 0.5dB, 
dc to IMHz). 

^Each input frequency applied at a level 7dB below full scale. 

*Externally adjustable to zero. 

’Transition from digital “0” to digital “1” initiates encoding. 

'“Use trailing edge of Data Ready pulse to strobe digital outputs into 
external circuits. 

' 'Power dissipation shown is at zero input. 

'^T = Case temperature. 

'^Maximum junction temperature = 1S0°C. Operating unit requires 
500 cubic feet per minute (CFPM) moving air. 

Specifications subject to change without notice. 
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ANALOG 

DEVICES 


FEATURES 

Update Rates to 150MHz 
Low Glitch Energy 
Complete Composite Inputs 
Single -5.2V Power Supply 
Military Temperature Range Available 

APPLICATIONS 
Raster Scan Displays 
Color Graphics 
Analytical Instrumentation 
TV Video Reconstruction 


GENERAL DESCRIPTION 

The HDG-Scrics D/A Converters have become the standard of 
comparison for fast-settling D/A*s with complete composite 
inputs. 

The units are available in three resolutions, or levels, of Gray 
Scale output. The HDG-0405 accepts four bits (16 levels) of 
digital input; the HDG-0605 has six bits (64 levels); and the 
HDG-0805 is an eight-bit (256 levels) device. 

All versions have complete composite controls, including self-con¬ 
tained, digitally-controlled sync and blanking; and a reference 
white control input to help assure compatibility with El A Standards 
RS-170, RS-330, and RS-343-A. Their performance is enhanced 
even more with a 10% bright input capability. 

Output inpedance on all units is 75 ohms and their full-scale 
output current is capable of developing standard video levels 
across video loads. In addition to all of these characteristics 


Hybrid Video 
Digital-to-Analog Converters 

HDG SERIES 


HDG SERIES FUNCTIONAL BLOCK DIAGRAM 



which make them easy to incorporate into circuits, the 
need for a single -5.2V power supply also adds to their 
attractiveness. 

Model numbers without suffixes designate the * "original” HDG 
Series D/A Converters and are housed in 24-pin metal packages. 
Model numbers which include suffixes make use internally of 
the Analog Devices Model AD9700 to obtain better performance 
at a lower price; these devices are housed in ceramic DIP 
packages. 

The “BD” and “BW” versions in the newer (suffixed) units are 
close equivalents to the original design, but a number of advantages 
accrue by using the newer units. Note parti cularly the param eters 
for linearity tempco; strobe input loading; Composite Sync and 
Composite Blanking outputs; Power Supply Rejection Ratio 
(PSRR); supply current; and power dissipation. Conversely, the 
original design is slightly better in terms of voltage settling 
time, glitch energy, and output compliance. 



Typical Raster Scan Display System 


This four-page data summary contains key specifications to speed your selec¬ 
tion of the proper solution for your application. Additional information on this 
product can be obtained from your local sales office. 
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SPECIFICATIONS 


(typical® +25% with iKMninaiixmier supplies unless 0 ^ 


Parameter 

Units 

HDa-040S 

HDG-mS HD&-080S HDG-040SBD/ 
BW/SD 

HDG-MOSBD/ HDG-CSOSBD/ 
BW/SD BW/SD 

RESOLUTION 

Bits 

4 

6 8 4 

6 8 


LEAST SIGNIFICANT BIT (LSB) 
WEIGHT 


Voltage (adjusttble) 

Current (adjustable) 

mV 

40 

1067 

10 

267 

2.5 

67 

40 

1067 

10 

267 

2.5 

67 

AmiRAPY 

(GS = Gray Scale; FS = Full-Scale) 

Linearity 

±%GS 

3.2 

0.8 

0.2 

3.2 

0.8 

0.2 

Differential Linearity 

±%GS,max 

3.2 

0.8 

0.2 

3.2 

0.8 

0.2 

Zero Offset (Initial) 

Voltage 

mV, max 

0.9 

* 

* 

A 

A 

A' 

Monotonicity 


Guaranteed 

* 

* 

A 

A 

A 

TEMPERATURE COEFFICIENTS 

Linearity 

ppm/X^(max) 

20(35) 

* 

* . 

15(30) 

AA 

AA 

Gain 

ppm/°C(max) 

50(125) 

* 

* 

A 

A 

A 

Zero Offset 

ppm/*C(max) 

10(15) 

* 

* 

A 

A 

A 

DYNAMICCHARACTERISTICS- 
GRAY SCALE OUTPUT* 

Settling Time 

%GS; 

6.4 

1.6 

0.4 

6.4 

1.6 

0.4 

(OV to FSGS change) 

Voltage 

ns (max) 

4(5) 

6(8) 

8(10) 

5(6) 

7(9) 

9(11) 

Update Rate^ 

MHz (min) 

150(125) 

* 

* 

A 

A 

A 

Slew Rate 

V/p,s 

200 

* 

* 

A 

A 

A 

Rise Time 

ns 

2 

* 

* 

A 

A 

A 

Glitch Energy^ 

pV-s 

50 

* 

A 

80 

★ ★ 

> AA 

DIGITAL DATA INPUTS 

Logic Compatibility 


ECL 

* 

A 

A 

A 

A 

Coding 


Complementary Binary 
(CBN) 

* 

A 

A 

A 

A 

Logic Levels 

“1” 

V (min/max) 

-0.9(-l.l/-0.6) 

* 

A 

A 

A 


“0” 

V(min/mak) 

-1.7(-2.0/-1.5) 

* 

A 

A 

A 

A 

Loading (each bit) 


5pFand50kftto -5.2V 

* 

A 

A 

A 

A 

STROBEINPUT 

Logic Compatibility 


ECL 

* 

A 

A 

A 

A 

Logic Levels 

“1” 

V (min/max) 

-0.9(-l.l/-0.6) 

* 

A 

A 

A 

A 

“0” 

V (min/max) 

-1.7(-2.0/-1.5) 

* 

A 

A 

A 

A 

Loading 


50pFand5kftto -5.2V 

* 

A 

5pF and SOkfl 
to-5.2V 

AA 

AA 

Setup Time (Data) . 

ns, min 

2.5 

* 

A 

A 

A 

A 

Hold Time (Data) 

ns, min 

1.5 

* 

A 

A 

A 


Propagation Delay 

ns (max) 

3(4) 

* 

A 

A 

A 


10% BRIGHT, REFERENCE WHITE, 

COMPOSITE SYNC, AND 

COMPOSITE BLANKING INPUTS 

Logic Compatibility 

Logic Levels 


ECL 

* 

A 

A 

A 

A 

“1” 

V (min/max) 

-0.9(-l.l/-0.6) 

* 

A 

A 

A 


“0” 

V (min/max) 

-1.7(-2.0/-1.5) 

* 

A 

A 

A 

A 

Loading 


5pFand50kato-5.2V 

* 

A 

A 

A 

A 

SPEED PERFORMANCE- 
CONTROL INPUTS 

Settling Time to 10% of Final Value for: 

10% Bright 

ns (max) 

8(10) 

* 

A 

A 

A 

A 

Reference White 

ns (max) 

8(10) 

A 

A 

A 

A 

A 

Composite Sync 

ns (max) 

8(10) 

* 

A 

A 

A 

A ■ 

Composite Blanking 

ns (max) 

8(10) 

* 

A 

A 

A 

w 

SETUPCONTROL 

Ground 

mV (IRE Units) 

0(0) 

* 

A 

A 

A 

A 

Open 

mV (IRE Units) 

71(10) 

* 

A 

A 

A 

A 

-5.2V 

mV (IRE Units) 

142(20) 

* 

A 

A 

A 

A 


ANALOGOUTPUT 


GS Current 

inA(±l%) 

Oto-16 

Oto-16.8 

010-17 Oto-16 

Oto-16.8 

Oto-17 

GSVoltage^ 

mV 

Oto-600 

0 to-630 

Oto-637.5 Oto-600 

Oto-630 

Oto-637.5 

Comi^iance 

V 

-1.1 to+ 1.1 

A 

* -1.2to+0.1 

AA 

** 

Intenial Impedance 

(Kmin/max) 

75(71/79) 

A 

A A 

A 

* 
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Parameter 


Units 


HD&4)405 


HDG-0605 HDG-0805 HDG-0405BD/ HDG>4)605BD/ HDG-0805BD/ 
BW/SD BW/SD BW/SD 


OUTPUT- REFERENCE WHITE" 
Current 

Logic “1” 

Logic "0” 

Voltage 

Logic “1” 

Logic “0” 

mA(±4%) 

mA (± 4%) 

mV (±4%) 

mV (±4%) 

Normal 

Operation 

Oor-1.9 

Normal 

Operation 

Oor-71 

* 

* 

* 

★ 

* 

* 

★ 

* 

* 

* 

* 

♦ 

* 

* 

* 

OUTPUT-10% BRIGHT* 

Current 

Logic “1” 

mA(±5%) 

-1.9 

* 

★ 

* 

A 

A 

Logic “0” 

mA(±5%) 

0 

* 

* 

* 

* 

* 

Voltage 

Logic “1” 

mV (±5%) 

-71 

* 

* 

* 

* 

* 

Logic “0” 

mV (±5%) 

0 

* 

* 

•* 

* 

* 

OUTPUT-COMPOSITE SYNC®*' 
Current 

Logic “1” 

mA(±4%) 

0 

* 

* 

* 

* 

* 

Logic “0” 

mA(±4%) 

-7.6 

* 

* 

-8.6 

-7.8 

-7.6 

Voltage 

Logic “1” 

mV (±4%) 

0 

* 

* 

* 

* 

* 

Louie “0” 

mV (±4%) 

-285 

* 

* 

- 322.5 

-292.5 

-285 

OUTPUT - COMPOSITE BLANKING®’ 
(Assumes Setup is Open, Which is 
Equiavalent to 10 IRE Units) 

Current 

Logic “1” 

7 

mA(±4%) 

0 

* 

* 

* 

* 

* 

Logic “0” 

mA(±4%) 

-1.9 

* 

* 

-2.9 

-2.1 

-1.9 

Voltage 

Logic “1” 

mV (±4%) 

0 

* 

* 

* 

* 

* 

Logic “0” 

mV (±4%) 

-71 

* 

* 

- 108.7 

-78.7 

-71 

POWER REQUIREMENTS 
-5.2V ± 0.25V* 

mA(max) 

200(225) 

260(290) 

320(360) 

125(140) 

** 

** 

Power Supply 

Rejection Ratio 

%/% 

1/1 

* 

* 

0.005/1 

** 

** 

Power Dissipation 

mW (max) 

1040(1170) 

1350(1510) 

1665(1875) 

650(730) 

** 

** 

TEMPERATURE RANGE 

Operating (Case)^ 

’C 

-25 to+85 

* 

* 

*(BDandBW) 

*(BDandBW) 

*(BDandBW) 

(Operating (“SD” Case) 

Storage 

“C 

’C 

-55 to+150 

* 

* 

-55 to + 125 

* 

-55 to + 125 

* 

-55 to + 125 

* 

THERMAL RESISTANCE*® 

Junction to Air, Oj, 

®C/W,max 

45 

* 

* 

* 


A 

(free air) 

Junction to Case, Oj. 

“C/W,max 

12 

* 

* 

* 

* 

A 

MTBF" 

Mean Time Between Failures 

Hours 






3.23 X 10^ 


NOTES 

'Settling to GS percentage includes FS and MSB transitions. Inherent 3ns register delay (50%) points) is not included. 

^Minimum update rates limited by full-scale settling time for useable number of bits for each converter. 

Units can be updated to 150MHz with settling degradation. 

^Glitch can be reduced with glitch adjustment. 

^LSB value used for calibration causes Gray Scale output to be 637.5mV rather than 643mV shown in idealized composite waveform; 
both values are well within the output and EIA Standard RS-170 tolerances. 

^Effect on an alog output of lo gic “ 0” at Reference Whit e input depends on 10% Bright signal input. 

^ 10% Bright, Com p osite Sync, and Comp osite Blanking outputs shown add t o Gray scale anal og output at Pin 18. _ ' 

^Composite Sync or Composite Blanking control signals reset input registers. Composite Sync or Composite Blanking should not be operated simultaneously with Reference White. 
®Power supply must have less than 5mV p-p ripple. 

’Operating temperature -55°C to + 125'’C on “SD” units. 

'’Maximum junction temperature = 150°C. 

"Calculated for HDG-0S05SDB using MIL HNBK-217; Ground Fixed; +25“C Ambient. 

* Specification same as HDG-0405. 

** Specification same as HDG-0405BD/BW/SD. 

Specifications subject to change without notice. 
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OUTLINE DIMENSIONS 

. Dimensions shown in inches and (mm). 



24-PIN CERAMIC 
DIP PACKAGE 



3 

12-- 

--- 



1.280 

MAX 

(32.51 


— 

— 




— 

— 


c 






3.090 

2.29) 

lY 

Ill 

II' 

I j 

r 


— 

— 

•24-^ 


k BOTTOM 

1 VIEW 



il 

).1 

— O.C 

(2.54) ( 


DOT ON TOP INDICATES POSITION 
OF PIN 1 


I , 0.780 MAX ^1 

09.8) ^ 


0.175 MAX 
(4.45) 


24-PIN METAL CASE 
HYBRID PACKAGE 


PIN DESIGNATIONS 


Pin I Function 


GROUND 
BIT8(LSB) 
BIT 7 
BIT 6 
BITS 
STROBE 
BIT4 
BIT 3 
BIT 2 

BIT 1 (MSB) 

-5.2V 

GROUND 


GLITCH ADJUST 
GROUND 
GROUND 
GROUND 
GROUND 
ANALOG OUTPUT 
COMPOSITE SYNC 
SETUP 
10% BRIGHT 


6Q MP0SITEBLANK IN 
REFERENCE WHITE 


-S.2V 


NOTES: For HDG-0605 units, Pin 9 is LSB; Pins 10 

and 11 are present but not used. For HDG'0405 
units. Pin 6 is LSB; Pins 8,9,10, and 11 are 
present but not used. Connect Pins 1,12, and 
14-17 together and to low-impedance ground 
plane as close to case as possible. 


USING HDG-SERIES UNIT FOR RASTER SCAN 
Refer to the block diagram of the HDG-Series D/A Converter 
and the idealized composite output waveform. 

The digital input bits represent the Gray Scale values (the discrete 
levels between Reference Black and Reference White) in a com¬ 
posite video signal. For HDG-0405 units, there are 16 (2^) of 
these levels; for the HDG-0605, 64 (2^) levels; and for the HDG- 
0805, 256 (2*) levels. 

The input bits are applied to Pins S-6 (only, for the HDG-0405), 
and Pins 8 and 9 for the HDG-0605; or Pins 8-11 for the 
HDG-0805. 


The output analog signal (at Pin 18) will be a function of these 
digital inputs. The output will also be affe cted by the ECL 
levels at the con trol i nputs of 10% Bright, Reference White, 
Composite Sync, and Composite Blanking; and the level of the 
control signal (expressed in terms of IRE imits) at the Setup 
input. 



Figure 1. Composite Output Waveform 
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ANALOG 

DEVICES 


Hybrid Video 
Digital-to-Analog Converters 


HDG-0407/0807 


FEATURES 

Update Rates to 50MHz 
Low Glitch 

Complete Composite Inputs 
Single + 5V Power Supply 
TTL-Compatible Inputs 
Directly Drives 75X1 to Ground 

APPLICATIONS 
Raster Scan Displays 
Color Graphics 
Analytical Instrumentation 
TV Video Reconstruction 


GENERAL DESCRIPTION 

The HDG-0807/0407 D/A Converters are extensions of the 
technology and capabilities of the HDG-Series high-speed raster 
scan D/A converters. They offer the user increased flexiblity 
because of their ability to operate on a single -f 5V power supply, 
and their compatibility with TTL signals. 

The units are available in two resolutions, or levels, of Gray 
Scale output. The HDG-0407 accepts four bits (16 levels) of 
digital input; and the HDG-0807 is an eight-bit (256 levels) 
device. 

All versions have complete composite controls, including self-con¬ 
tained, digitally-controlled sync and blanking; and a reference 


HDG-0807 FUNCTIONAL BLOCK DIAGRAM 



white control input to help assure compatibility with EIA Standards 
RS-170, RS-330, and RS-343-A. Performance is enhanced even 
more with a 10% bright input capability. 

Output impedance is 75X1 and the full-scale output current is 
capable of developing standard video levels across video loads. 
An output current mirror shifts the output to ground reference 
while attenuating power supply noise by means of common-mode 
rejection. 

Model mmibers with “BW” suffixes are housed in 24-pin non- 
hermetic ceramic dual-in-line packages. Versions with “BD” 
suffixes are housed in hermetically-sealed ceramic DIP 
packages. 



HDG-0407/0807Composite Waveform 
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SPECIFICATIONS 


(typical @ + 25*1! with nominal power supplies unless otheiwise noted) 


Parameter 

Units 

HDG-4H07BD/BW 

HDG-0807BD/BW 

RESOLUTION 

Bits 

4 

8 

LEAST SIGNIFICANT BIT (LSB) WEIGHT 




Voltage (adjustable) 

mV 

40 

2.5 

Current (adjustable) 

pA 

1067 

67 

ACCURACY 




(GS = Gray Scale; FS = Full-Scale) 




Linearity 

±%GS 

3.2 

0.2 

Differential Linearity 

Zero Offset (Initial) 

±%GS,max 

3.2 

0.2 

Voltage 

mV, max 

50 

* 

Monotonicity 


Guaranteed 

* 

TEMPERATURE COEFFICIENTS 




Linearity 

ppm/'’C(max) 

15(30) 

* 

Gain 

ppm/®C (max) 

350(1,000) 

★ 

Zero Offset 

mV/°C(max) 

1.0 (2.0) 

* 

DYNAMIC CHARACTERISTICS - 
GS OUTPUT* 




Settling Time 

%GS; 

6.4 

0.4 

1 LSB Midscale Voltage Change 

ns (max) 

8(10) 

14(16) 

OV to FS GS Voltage Change 

ns (max) 

. 10(12) 

15(18) 

Slew Rate 

V/p,s 

250 

4t 

Rise Time 

ns 

2.2 

* 

Glitch Impulse^ 

pV-s 

50 

* 

DIGITAL DATA INPUTS 




Logic Compatibility 


TTL 

it 

Co^g 


Binary ' 

(BIN) 

* 

Logic Levels^ 

“1” 

V (min/max) 

(-1-3.8/-1-5.0) 

★ 

“0” 

V (min/max) 

(0/-1-3.0) 

* , 

Loading (each bit) 


5pFand2kn 

to-»-5V 

* 

Data Update Rate 

MHz (Guaranteed) 50(45) 

it 

STROBE INPUT 



I 

Logic Compatibility 

Logic Levels 


TTL 

* 

“1” 

V (min/max) 

(-(-2.5/-!-5.0) 

* 

“0" 

V (min/max) 

(0/+1.5) 

* 

Loading 


IpF and2.2kn 
to-1-4.4V 

* 

Setup Time (Data) 

ns, min 

3 

★ 

Hold Time (Data) 

ns, min 

3 

* 

Propagation Delay 

ns (max) 

8 

4t 

10% BRIGHT, REFERENCE WHITE, 
COMPOSITE SYNC, AND 

COMPOSITE BLANKING INPUTS 




Logic Compatibility 

Logic Levels 


TTL 

* 

“1” 

V (min/max) 

(-1-3.8/-1-5) 

it 

“0” 

V (min/max) 

(0/-1-3.5) 

it 

Loading 


5pF and 2kn 
to-l-5V 

it 

SPEED PERFORMANCE - 
CONTROL INPUTS 




Settling Time to 10% of Final Value for: 




10% Bright 

ns (max) 

15 

it 

Reference White 

ns (max) 

15 

it 

Composite Sync 

ns (max) 

15 

it 

Composite Blanking 

ns (max) 

15 


SETUP CONTROL 




-I-5V 

mV (IRE Units) 

0(0) 

* 

Open 

mV (IRE Units) 

53.25(7.5) 

* 

ANALOG OUTPUT 




GS Voltage p-p^ 

mV (±4%) 

600 

637.5 

Compliance 

V 

-3to-l-3 

-3to+3 

Internal Impedance 

n(min/max) 

75(71/79) 

* 

OUTPUT- REFERENCE WHITE= 




(Assumes Setup is Open, Which is 

Equivalent to 7.S IRE Units) 




Voltage 




Logic “1” 

mV (±4%) 

Normal 

Operation 

* 

Logic “0” 




10% Bright @“0” 

mV 

1046.75 

* 

10% Bright @“1” 

mV 

975.75 

* 


OUTLINE DIMENSIONS 

Dimensions shown in inches and (mm). 




PIN DESIGNATIONS 
(As Viewed from Bottom) 


Pin 

Function 

Pin 

Function 

24 

ANALOG GROUND 

1 

+ 5V 

23 

REFERENCE WHITE 

2 

DIGITAL GROUND 

22 

COMPOSITE BLANKING 

3 

BIT 1 (MSB) 

21 

10% BRIGHT 

4 

BIT 2 

20 

SETUP 

5 

BIT 3 

19 

COMPOSITE SYNC 

6 

BIT 4 

18 

ANALOG OUTPUT 

7 

STROBE 

17 

-f5V 

8 

BITS 

16 

-1-5V 

9 

BIT 6 

15 

+ 5V 

10 

BIT 7 

14 

-h5V 

11 

BIT 8 (LSB) 

13 

GLITCH ADJUST 

12 

-HBV 


NOTES: For HDG-0407 units, Pin 6 is LSB; Pins 8,9,10 and 11 are present 
but not used. For both units, connect Pins 2 and 24 together and 
to low-impedance ground plane as close to case as possible. 

-f 5V must be applied to all designated pins. 
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Parameter 


Units 


HDG-«407BD/BW HDG-«807BD/BW 


OUTPUT- 10% BRIGHr* 




Voltage 




Logic “1” 

mV (±4%) 

0 

* 

Logic “0” 

mV (±4%) 

71 

★ 

OUTPUT-COMPOSITE SYNC®’' 




Voltage 




Logic “1” 

mV (±4%) 

0 


Logic “0” 

mV (±4%) 

285 

★ 


OUTPUT - COMPOSITE BLANKING**^ 
(Assumes Setup is Open) 

Voltage 


Logic “1” mV (±4%) 0 * 

Logic “0” mV (±4%) 90.75 53.25 


POWER REQUIREMENTS 
+ 5V to ± 0.25V 

Power Supply 

Rejection Ratio 

Power Dissipation 

mA (max) 

%N 

mW (max) 

185(225) 

0.025/0.25 

925(1125) 

185(225) 

0.025/0.25 

925(1125) 

TEMPERATURE RANGE 




Operating (Case) 

°C 

-25 to+85 

* 

Storage 

“C 

-55 to +150 

★ 

THERMAL RESISTANCE® 




Junction to Air, 6ja 

°C/W, max 

45 

* 

(free air) 




Junction to Case, 6jc 

“C/W, max 

12 

* 

























THEORY OF OPERATION 

Refer to the block diagram of the HDG-0807 D/A Converter 
and the HDG-0407/0807 composite output waveform. 

The digital input bits represent the Gray Scale values (the discrete 
levels between Reference Black and Reference White) in a com¬ 
posite video signal. For HDG-0407 units, there are 16 (2^) of 
these levels; and for the HDG-0807, 256 (2*) levels. 

Input bits are appUed to Pins 3-6 and Pins 8-11 for the HDG-0807; 
for the HDG-0407, only Pins 3-6 are used. 

The output analog signal (at Pin 18) will be a function of these 
digital inputs. The output wil l also be aff e cted by the TTL 
levels at the con trol i nputs of 10% Bright, Reference White, 
Composite Sync, and Composite Blanking; and the level of the 
control signal (expressed in terms of IRE units) at the Setup 
input. 

The total effect of these combined signals can be illustrated in a 
truth table format if arbitrary values are assigned for Gray scale 
inputs, and various combinations of control inputs are selected. 

Refer to Table I. 

Analog Devices uses 2.5mV for weighting the LSB during cah- 
bration of the converter, which causes the full-scale 637.5mV 
output of the HDG-0807 to be different from the ideal 643mV 
output shown in the composite waveform in the RS-170 
standard. 


This disparity does not cause any problems in using the device, 
since both the ideal value and the actual value are well within 
the tolerances of the output and the RS-170 standard. 

Referring again to the block diagram, the Strobe input apphed 
to the HDG D/A clocks the input registers when the strobe 
signal makes the transition from a logic “0” to a logic “1”. The 
purpose of the registers is to remove time skew from the digital 
input bits and minimize perturbations or “ghtches” in the analog 
output signal. 

A logic “0” apphed tp either the Composite Sync or 
Composite Blanking input resets the input registers to 00 000 000. 
A logic “0” signal apphed to the Reference White input sets the 
input registers, thereby overriding the video input word. When 
this occurs, the analog output of the converter goes to 1046.75mV 
or to 975.75mV, depending upon whether or not the 10% Bright 
signal is also operated. 

When Composite Blanking is operated, the analog output will 
go to a Reference Black value of 338.25mV less some amount, 
as determined by the voltage at Setup. The 53.25mV example 
used in the Specifications section of the data sheet is based on 
the Setup input floating, which is equivalent to 7.5 IRE units. 
(For this example, the analog output would be 285mV.) 


DIGITAL INPUTS VS. ANALOG OUTPUT 


BIT BIT BIT BIT BIT BIT BIT BIT 
1 2 3 4 5 6 7 8 


REF. 

WHITE 


BLANK- COMP . ANALOG OUTPUT IN mV' 
ING SYNC (HDG-0807) 



1046.75 

975.75 

729.25 
m.2S 

338.25 


X X 
X X 
X X 
X X 


X X 
X X 
X X 
X X 


X X 
X X 
X X 
X X 


X X 
X X 
X X 
X X 


0 

0 


1046.75 

975.75 
338.25' 
285’ 



NOTES 

'Values are for Gray Scale output of HDG-0807 measured with respect to Sync level. HDG-0407 Gray Scale output is 37.5mV less tha 8-bit output. 
'Setup (Pin 20) to -t- 5V. (0 IRE units) 

’Setup (Pin 20) open. (7.5 IRE units) 


Table I. Digital Inputs vs. Analog Output 


APPLICATIONS 

The HDG-0407 and HDG-0807 are specifically designed for 
operation in raster scan graphics apphcations, in which digital 
input data are being changed at a relatively high rate. 

The D/A output is generally ac-coupled to the monitor, which 
eliminates the changing dc offset associated with the thermal 
drift of the level shift circuits. This offset drift, which is a fimction 
of output level, is held to a maximum of 50mV and will not 
affect dynamic video levels. 

For optimum performance, groimd pins 2 and 24 should be 
connected together and to a large ground plane near the unit. 

As indicated in the footnotes on the pin designations table, 

+ 5V must be applied to all pins which are called out to 
receive it. 

The performance of the HDG devices can be enhanced with 
external bypass capacitors which will supplement the internal 
components. Low-frequency bypassing should be provided with 
IjjiF (or larger) tantalum capacitors between the +5V supply 
pins and ground. High-frequency bypassing can be provided 
with ceramic capacitors of 0.1 )jlF or larger. All bypass capacitors 
should be tied as closely as possible to the hybrid power supply 
pins. 

A 2000 potentiometer between 4- 5V and ground with the center 
arm connected to Pin 13 changes the threshold of the internal 


current switches; this can reduce the amount of ghtch from the 
typical 50pV-s to a lesser value when required. 

For best performance, standard 24-pin hybrid sockets should be 
avoided. Individual pin sockets are preferable for evaluating 
devices and are available from Analog Devices; in final designs, 
the D/A should be soldered directly into the printed circuit 
board without sockets. 

If it is necessary to route digital signals and/or strobe signals for 
distances greater than one inch (2.54cm), microstrip techniques 
should be used. Otherwise, the performance of the D/A converter 
may be affected adversely. 

ORDERING INFORMATION 

There are two versions of the 4-bit converter, and two versions 
of the 8-bit device; all units operate over a temperature range of 
-25°C to +85°C. For 4-bit operation, order the HDG-0407BD 
or HDG-0407BW; for 8-bit converters, the model numbers are 
HDG-0807BD or HDG-0807BW. In these model numbers, the 
“D” in the suffix indicates a ceramic, hermetically-sealed DIP; 
and the “W” indicates a non-hermetic ceramic DIP. 

Versions are available screened to mihtary requirements; contact 
the factory for details. It is also possible to order units with 
synchronous fimctions on a “special order*’ basis; detailed infor* 
mation is available from the factory. 
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ANALOG 

DEVICES 


Hybrid Video 
Digital-to-Analog Converters 

HDL-3805/3806 


FEATURES 

Triple 8-Bit D/A with LUTs 
115MHz Update Rates 
RGB Composite Functions 
Small Size (2.3" X 1.5") 

Latched Composite Functions (HDL-3806) 

APPUCATIONS 
Raster Scan Displays 
Color Graphics Systems 


GENERAL DESCRIPTION 

The HDL-3805 D/A Converter is a thick-film hybrid which 
includes three AD9700IC D/A converters and three ECL random 
access memory (RAM) look-up tables in a single package. It is 
the smallest, lowest-power RGB (red, green, blue) video generator 
available to video designers of high-resolution raster scan graphics 
displays. 

With eight bits of Gray scale resolution per channel, the user 
has a total palette of 16.7 million colors. Since each of the three 
DACs has a 256 x 8 RAM, a total of 256 colors is available on 
each sweep. The write speed of the RAMS is sufficiently high 
to rewrite the color map completely during vertical retrace, or 
update smaller blocks of data during horizontal retrace. 


HDL-3805/3806 FUNCTIONAL BLOCK DIAGRAM 



Composite functions in the HDL unit s include Red Sync , Green 
Sync, Blue Sync, Composite Blanking, Reference White, and 
10% Bright. The ability of the devices to drive 750 loads directly 
with a IV composite signal combines with these functions to 
assure the outputs will be compatible with the general requirements 
of EIA Standards RS-170 and RS-343. 

The model HDL-3806 D/A Converter is a variation of the 
HDL-3805 which includes synchronous composite functions and 
offers increased flexibility for the designer in a pin-for-pin com¬ 
patible package. 

All models of the HDL-3805 and HDL-3806 are housed in 46- 
pin metal hybrid packages. Standard versions are rated over an 
operating temperature range of - 25°C to + 85°C; for units with 
this range and military screening, consult factory. 



Idealized Composite Output Waveform 


This four-page data summary contains key specifications to speed your selec¬ 
tion of the proper solution for your application. Additional information on this 
product can be obtained from your local sales office. 
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SPECIFICATIONS 


(^fpiciri @ + 2^ viilh notninal powBT stippiBS untess QtliBiwin 


ftrameter 

Unita 

HDL-3805BM 

HDL-3806BM 

HDL-3806CM 

RESOLUTION 

Bits 

8 

* 

* 

LEAST SIGNIFICANT BIT (LSB) WEIGHT 




Voltage 

mV 

2.5 

* 

* 

Current . 

pA 

67 

* 

* 

ACCURACY 





(GS = Gray Scale; FS = Full-Scale) 





Linearity 

±%GS 

0.2 

* 

* 

Differential Linearity 

±%GS 

0.2 

* . 

* 

Iht^ral Linearity 

±%GS,max 

0.2 

* 

* 

Zero Offset (Initial) 

mV, max 

1.5 

* 

* 

Monotonicity 


Guaranteed 



TEMPERATURE COEFFICIENTS 





Linearity 

ppm/°C(max) 

30 

* 

* 

Gain 

ppm/°C (max) 

125 

* 

* 

Zero Offset 

ppm/°C (max) 

15 

* 

* 

DYNAMIC CHARACTERISTICS - 





GRAY SCALE OUTPUT' 





Settling Time to 0.4% GS; OV to 637.5mV GS Change 




Voltage 

ns (max) 

10(12) 

* 

* 

Output Time Skew 





(Among RGB Outputs) 

ns, max 

2 

* 


Ul^te Rate 

MHz (min) 

100(85) 

* 

(115) 

Slew Rate 

V/px,min 

300 

* 

* 

Rise Time 

ns (max) 

2(3) 

* 

* 

Glitch Energy 

pV-s 

80 

* 

* 

Crosstalk 





(Among RGB Outputs) 

±%GS 

0.2 

* 

* 

Qock Noise on RGB Outputs 





(With lOOMHzFUter) 

mV 

10 

* 

* 


OUTLINE DIMENSIONS 

Dimensions shown in inches and (mm). 


1 

T 


iC 



0.210 

(S.334) 



PIN DESIGNATIONS 
(Bottom View) 


DIGITAL DATA INPUTS 
Logic Compatijbility 
Coding 


Logic Levels 


“1” 

V (min/max) 

“0” 

V (min/max) 

Loading 


Data and Address 

pA/pF 

RGB Chip Select 

pA/pF 

Write Enable 

p,A/pF 

RGB Sync, Composite Blanking 


Reference White, or 10% Bright 

^A/pF 

Strobe 

ItA/pF 


SPEED PERFORMANCE -CONTROL INPUTS 
(Standard Setup Control = 7.SIRE Units = S3.2SmV) 
Settling Time to 10% of Final Value for: 


10% Bright ns, max 

Reference White ns, max 

RGB Sync _ ns, max 

Composite Blanking_ns, max 


ANALOG OUTPUTS (Red, Green, and Blue) 
GS Current^ mA 


GS Voltage’ 
Compliance 
Internal Impedance 
REFERENCE WHITE-* 


mV(±l%) 

V 

fl (min/max) 


Current 

Logic “1” mA(±5%) 


Logic “0” mA(±5%) 

Voltage 

Logic “1” mV (±5%) 


Logic “0” mV (± 5%) 

10% BRIGHT’ 

Current 

Logic “1” mA (± 5%) 

Logic “0” mA (± 5%) 

Voltage 

Logic “1” mV (±5%) 

Logic “0” mV (±5%) 


ECL 

Complementary 
Binary (CBN) 


-0.9(-l.l/-0.6) 

-1.7(-2.0/-1.5) 

650/45 

880/18 

650/65 

290/10 

50/5 


10 

10 

10 

10 


Oto-17 
0 to-637.5 


* 

* 

PIN 

FUNCTION 

PIN 

FUNCTION 

* 

* 

46 

RED CHIP SELECT 

1 

WRITE ENABLE 



45 

DIGITAL GROUND 

2 

ADDRESS A, (MSB) 



44 

REDOUT 

3 

ADDRESSAs 



43 

Vee(-5.2V) 

4 

ADDRESSAs 

* 

* 

42 

REDOUT 

5 

ADDRESS A4 

* 

* 

41 

RED RETURN 

6 

VeeI-5.2V) 



40 

GREEN CHIP SELECT 

7 

ADDRESSA3 



39 

DIGITAL GROUND 

8 

ADDRESSA2 



38 

GREEN OUT 

9 

ADDRESSA, 



37 

Vee(-5.2V) 

10 

ADDRESS Ao (LSB) 

* 

* 

36 

GREEN OUT 

11 

DIGITAL GROUND 



35 

GREENRETURN 

12 

DATA IN D, (MSB) 



34 

DIGITAL GROUND 

13 

DATA IN Ds 

♦ 

* 

33 

BLUEOUT 

14 

DATA IN Ds 

* 

* 

32 

Vee(-5.2V) 

15 

DATA IN D4 



31 

BLUEOUT 

16 

DATA IN D3 



30 

BLUERETURN 

17 

DATA IN D2 



29 

REDSYNC 

18 

Vee(-5.2V) 



28 

GREENSYNC 

19 

DATA IN Di 



27 

BLUESYNC 

20 

DATA IN Do (LSB) 

* 

* 

26 

10% BRIGHT 

21 

BLUE CHIP SELECT 

* 

* 

25 

REFERENCE WHITE 

22 

STROBE 

* 

* 

24 

COMPOSITE BLANKING 

23 

DIGITAL GROUND 


NOTES: GROUNDS ARE NOT CONNECTED INTERNALLY. 

CONNECT PINS 11, 23, 30, 34, 35, 39, 41, AND 45 
TOGETHER AND TO GROUND AS CLOSE TO CASE 
AS POSSIBLE. -5.2V MUST BE APPLIED TO ALL 
DESIGNATED PINS. 


-1.2 to+0.1 


75(71/79) 


Normal 

Operation 

Oor-1.9 

Normal 
Operation 
Oor -71 
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Unto 


HD1^3805BM 


HDL.3806BM HDL-3806CM 


(Applied to RED SYNC, (SREENSYNC, 
or blue SYNC Input Pins) 

Current 


Logic “1” 

inA(±4%) 

0 

* 

* 

Logic “0” 

mA(±4%) 

-7.6 

* 

* 

Voltage 





Logic “1" 

mV (±4%) 

0 

* 

* 

Logic “0” 

mV(±4%) 

-285 

* 

* 

C6MI^SrffibLANmG5‘ 





(Standard Setup Control = 7.S IRE Units 

1 = 53.25mV) 




Current 





Logic “1” 

mA(±4%) 

0 

* 

* 

Logic “0” 

mA(±4%) 

-1.4 

* 

* 

Voltage 





Logic “1” 

mV(±4%) 

0 

• * 

* 

Logic “0” 

mV(±4%) 

-53.25 



POWER REQUIREMENTS 





-5.2V ±0.25V 

mA,max 

1450 

* 

* 

Power Dissipation^ 

W,max 

7.55 

* 

* 

Power Supply 





Rejection Ratio 

%GSfW 

0.025/0.25 

* 

* 

TEMPERATURE RANGE 





Operating (Case) 

“C 

-25 to+85 

* 

* 

Storage 

°c 

-55 to+ 150 

* 

* 

THERMAL RESISTANCE® 





Junction to Air, 6i. 

°C/W,max 

12 

* 

* 

(Free Air) 





Junction to Case, 6^ 

“C/W,max 

2.5 

* 

* 


NOTES 

'Settling to GS percentage includes FS and MSB transitions. Inherent 3ns register delay (50%) points) is not included. 

*GS current = FS current - video functions. 

^LSB value of 2.SinV used for calibration. This causes Gray Scale output to be 637.SmV rather than 643inV shown in 
idealinrd composite waveform elsewhere in this dau sheet; both values are well within the output and EIA Standard 
RS-343 tolerances. _ 

^Effect on an alog output of Lo gic ‘* 0*’ at Reference Whi te input depends on 10% Bright signal input. 

^ 10% Bright, Composite SyiK, and Co mposite Blanking outputs shown add to Gray scale analog output at Pin 31, 3 6, or 42. 
‘Red Sync, Gre en Sync, Blue Sy nc, or Composite SyiK control signals re set input register s. Neither the RGB Sync 
signals nor the Composite Sync should be operated simultaneously with Reference White. 

^Air flow of 500 LFPM required when operating unit. 

‘Maximum junction temperature = 150°C. 

^Specification same as HDL-3805BM. 

Specifications subject to change without notice. 


ORDERING INFORMATION 

There is one standard model of the HDL-3805 D/A converter, 
and two model numbers for the HDL-3806 version. Specifically, 
the designations are HDL-3805BM; and HDL-3806BM and 
HDL-3806CM. The HDL-3805 unit operates with unlatched 
asynchronous composite inputs; and both models of the HDL-3806 
operate with latched synchronous signals. 

In terms of speed, the HDL-3805BM and HDL-3806BM are 
identical with minimum update rates of 85MHz, and typical 
word rates of lOOMHz. The HDL-3806CM is specified at a 
minimum update rate of llSMHz. 

Standard units operate over a case temperature range of ~ 25°C 
to + 85°C; units with the same temperature range and military 
screening are also available. For these, consult the factory. 
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Theoiy of Operation 

Refer to the block diagram of the HDL-380S/3806 D/A 
Converter. 

As shown, the unit is comprised of three each random access 
memories (RAMs) and AD9700 current output D/A converters. 
These components operate as three pairs in controlling the red, 
green, and blue (RGB) analog outputs of the device; and greatly 
simplify the interface between the frame buffers and the monitor 
in raster scan graphics systems. 

RGB digital data information can be loaded into the RAMs 
during retrace periods. During horizontal retrace intervals. 


small blocks of data can be entered; the complete color map can 
be rewritten during the longer vertical retrace times. 

Intensities for the RGB outputs are updated by a single 8-bit 
address word and a Strobe signal during the RAM read 
operations. 

The routing of the digital data to the correct RAM and its associated 
D/A is controlled by the digital Address input Signals; and by 
the Red Chip Select, Green Chip Select, Blue Chip Sdto, and 
Write Enable signals. 

In addition to digital input and address information, the user of 
the HD1-380S/3806 also has control ove r composite functions 
with Red Sync, G reen Sync, Blue Sync, Composite Blanking, 
Reference White, and 10% Bright. 



RED OUT 
RED RETURN 
RED OUT 


GREEN OUT 
GREEN RETURN 
GREEN OUT 


BLUE OUT 
BLUE RETURN 
BLUE OUT 
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ANALOG 

DEVICES 


FEATURES 

Small Size: 24-Pin DIP 
12-Bit Multiplying Accuracy 
Good Drive: 10.24mA 
Highest Speed Available 

APPLICATIONS 
CRT Displays 
Waveform Generation 
Vector Generation 
MHz-Rate Digital Attenuators 


GENERAL DESCRIPTION 

The HDM-1210 converter is an ultra-high-speed current output 
multiplying converter which offers circuit designers a chance to 
obtain high speed, good drive, and flexible design parameters in 
a DIP package. It can accept 12 bits of digital input data and 
combine them with two analog inputs into a multiplied output 
for use in a wide variety of applications. 

Typical analog settling time to 1% is only 150ns; and 3dB ansUog 
bandwidth is lOMHz. Digital settling time to 1% accur^yj^% 
the major carry transition is an incredible 60ns, .m^ing 
HDM-1210 D/A extremely attractive for a ra^e.of Mfh^speecl , 
multiplying functiops. 

In one mode of operation, its output ^rt^it is preQse|^ ^^1%’ 
tional to the analog input signal, multiplied by (|^li^^put 
code. The analog signal being multiplied caul^ a^,^ft;wave, 
triangle wave, sawtooth, or any one of a varier^^pf Complex H 
waveforms. The output is an accurate scaled version of the 
input, with the digital input used as the scale factor. 


Ultra High-Speed 
Multiplying D/A Converter 


HDM-1210 


HDM-1210 FUNCTIONAL BLOCK DIAGRAM 






< 1 %. 


In another mode of operation, the analog input voltage can be 
used as the scale factor for the digital input code. In addition to 
this kind of flexibihty, the HDM-1210 also has various offsetting 
capabiUties which allow the analog input, digital input, analog 
output, and/or an external amplifier to be combined. With these 
features, the HDM-1210 can be used to accommodate unipolar 
or bipolar operation; and provide either one-quadrant or two- 
quadrant multiplication. 
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CDirr^liriP ATinUC (Wcal@ +25*^ with nominal powersupplies;VAHftj0GO) - --SV; 
VI LU 1 1 I mH 11U iiO and Vanalog ( 2 ) = OV unless otherwise noted) 


Parameter 

HDM.1210BD 

HDM-1210SD/SDB 

Units 

RESOLUTION 

12 

★ 

Bits 

LEAST SIGNIFICANT BIT (LSB) WEIGHT 




Current 

2.5 

★ 

liA 

Voltage 

250 

* 

nv 

ACCURACY (FS = Full Scale) 




Differential Linearity 

±1/2 

* 

LSB 

Integral Linearity 

±1/2 

* 

LSB 

Gain 

±0.2(±0.5) 

* 

%FS(max) 

Monotonicity 

Guaranteed 

* 


TEMPERATURE COEFFICIENTS 




Differential Linearity 

±3(±6) 

* 

ppm/°C (max) 

Integral Linearity 

±3 

* 

ppm/“C 

Gain 

o 

+1 

* 

ppm/“C(max) 

Offset*’^ 

±2(±5) 

★ 

ppm/“C(max) 

Offset^’^ 

±3.5 (±8) 

* 

ppm/°C(max) 

DYNAMIC CHARACTERISTICS 




Settling Time - Voltage 




Digital 




(To ± 1%; Major Carry Transition) 

60(70) 

* 

ns (max) 

Analog Settling to ± 1% FS 




(Vanalog (1) = OV to-5V Step; 




All Digital Inputs ((^ “1”) 

150(175) 

* 

ns (max) 

Update Rate 

8.3 

* 

MHz 

Glitch Impulse 

700 

* 

pV-s 

DIGITAL DATA INPUTS 




Logic Compatability 

TTL 

* 


Logic Levels 




“1” 

+ 3.5 ( + 2.4/+ 5.0) 

* 

V (min/max) 

«o» 

+ 0.2 (0.0/+0.6) 

* 

V (min/max) 

Loading (Each Bit; with Typical 




Input Logic Levels) 




TTL“1” 

40/4.8 

* 

nA/pF 

TTL“0” 

5/4.8 

* 

mA/pF 

Coding 




Unipolar 

Binary (BIN) 

* 


Bipolar 

Offset Binary (OBN) 

★ ' 


All “I’s” Input 

Maximum Positive Output 

if 


All “O’s” Input 

Maximum Negative Output 

it 


OUTPUT^ (FS = Full Scale) 




Current Range' (± 0.5% Accurate @ FS) 

0 to +10.24 FS 

* 

mA 

Voltage Range^ (± 1% Accurate @ FS) 

0to + 1.024FS 

* 

V 

Zero Offset'’^ 

0.5 (2.5) 

* 

p,A(max) 

Zero Offset'’^ 

2.5(10) 

* 

ft A (max) 

Voltage Noise, rms (0. IHz to 15MHz) 

15 

* 

fiV 

Compliance 

+ 1.5; -2 

* 

V 

Impedance®’* 

100(2) 

* 

ft(±) 

MULTIPLYING CHARACTERISTICS^ 

' 



Vanalog (1) Input Impedance 

4(±0.4) 

it 

kfl (max) 

V ANALOG (2) Input Impedance 

8 (±0.8) 

it 

kn(max) 

Vanalog (1) Input Range (Pin 14): 




Vanalog (2) = OV 

0to-5FS 

* 

V 

to 

to 



Vanalog (2) = -5V 

+ 2.5to-2.5FS 

* 

V 

to 

to 



Vanalog( 2)= -lOV 

+ 5to0FS 

* 

V 

Vanalog (2) Input Range (Pin 16): 




Vanalog (1) = OV 

Oto-IOFS 

it 

V 

to 

to 



Vanalog(1)= -2.5V 

+ 5to-5FS 

* 

V 

to 

to 



Vanalog(1)= -5V 

+ 10to0FS 

it 

V 

Analog Feedthrough at Idac 




(Vanalog (D = OV to - 5V, 1.4MHz; 




All Digital Inputs @ “0”) 

1 

it 

LSB 

FS Analog Bandwidth (3dB) 

10 

it 

MHz 

Feedthrough at lOMHz (OV to - 5V) 

0.1 

* 

%FS 

POWER REQUIREMENTS 




+ 15V±5% 

60(72) 

it 

mA(max) 

-15V ±5% ' 

25(35) 

it 

mA(max) 

Power Dissipation 

1.3(1.6) 

it 

W(max) 

Power Supply 




Rejection Ratio 

0.01 

* 

%/V 

TEMPERATURE RANGE 




Operating (Case) 

-25 to+85 

-55to + 100 

X 

Storage 

-55 to + 150 

* 

°C 


HDM -1210 PIN DESIGNATIONS 

(As Viewed from Bottom) 


PIN 

FUNCTION 

PIN 

FUNCTION 

24 

Idac (OUTPUT) 

1 

BIT 1 (MSB) 

23 

Rl 

2 

BIT 2 

22 

10V SPAN 

3 

BITS 

21 

GROUND 

4 

BIT 4 

20 

GROUND 

5 

BIT 5 

19 

GROUND 

6 

BIT 6 

18 

GROUND 

7 

BIT 7 

17 

-15V 

8 

BITS 

16 

Vanalog(2) 

9 

BITS 

15 

AMPLIFIER GROUND 

10 

BIT 10 

14 

Vanalog (1) 

11 

BIT 11 

13 

+ 15V 

12 

BIT 12 (LSB) 


NOTE 

PINS 15,18,19,20 AND 21 NEED TO BE CONNECTED 
TOGETHER AND TO GROUND AS CLOSE TO CASE 
AS POSSIBLE. 


Voltage @ 

Voltage @ 

D/AOutput ± Pin24 

Vanalog(I) 

Vanalog (2) 

With All “1” 

With All “0” 

(Pin 14) 

(Pin 16) 

Digital Input 

Digital Input 

OV 

Ground 

0mA 

0mA 

-5V 


+ 1.024mA 

0mA 

+2.5V 

-5V 

0mA 

0mA 

-2.5V 


+ 1.024mA 

0mA 

Ground 

OV 

0mA 

0mA 


-lOV 

+ 1.024mA 

0mA 

-2.5V 

+ 5V 

0mA 

0mA 


-5V 

+ 0.24mA 

0mA 


Table I. Output vs. Inputs 


OUTLINE DIMENSIONS 

Dimensions shown in inches and (mm). 



NOTES 

'Current output into short circuit. 

^Bit inputs at “0” and Vanalcxj (1) @ -5V. 

*Bit inputs at “1” and Vanalcxj (1) @ -OV. 

^FS accuarcies arc ± 1% when using Vanalog (2) ihput. 

*Rl (Pin 23) connected to Idac (Pin 24). 

^Trimmed to value. 

''TwoKiuadrant multiplying requires external op amp operating in bipolar mode. 
Specifications subject to change without notice. 
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FEATURES 
Hybrid Construction 
Phase Shift <5° 

Phase Match <1° 

Load Capacity 10,000pF 

Full Military Temperature Range 

APPLICATIONS 

The IPA1764 is recommended for use with the 
1S10/20, 1S14/24 and other 10- and 12-bit 
lnductosyn*/Resolver-to-Digital Converters. 

GENERAL DESCRIPTION 

The output signals from an Inductosyn slider are at a low level 
of the order millivolts and require amplification and buffering 
before transmission to an Inductosyn-to-digital converter. The 
IPA1764 provides the necessary gain and output impedance for 
this purpose. 

Any gain mismatch in the two channels amplifying the sine and 
cosine outputs of the Inductosyn slider contributes to the system 
error. The IPA1764 with a 0.15% gain match over the temperature 
range only contributes an error of 0.23 micron using a 2mm 
pitch Inductosyn. By carefully controlling phase mismatch to 
less than 1°, the error contribution is only 0.2 micron in a 2mm 
pitch Inductosyn. 

The IPA1764 with an output resistance of less than 3 ohms and 
a capability of driving a cable capacity of 10,000pF is totally 
suited to machine tool applications where the Inductosyn-to-digital 
converter is remote from the measuring Inductosyn. 

The IPA1764 is of hybrid manufacturing techniques, and available 
in two temperature range versions-industrial temperature range 
(0 to -I-70X) and extended temperature range (-55®C to 
+ 125°C). 

APPLICATION 

The diagram on the following page shows a “hookup” with the 
preamplifier, power oscillator and a 1S20 with an Inductosyn. 
Precise application information is not possible as the Inductosyn 
in its application has many variables. 

Current Set Resistor 

This resistor is used to match the voltage output of the oscillator 
to the Inductosyn track resistance and provide the manufacturer’s 
recommended current. By variation of the voltage outputs and 
current resistance, track by this up to approximately 10 feet (3 
meters) can be accommodated. 

Decoupling 

The preamplifier and oscillator have internal high frequency 
decoupling capacitors on the supply lines, however, it is recom¬ 
mended that electrolytic decoupling capacitors are connected 
close to the hybrid pins. 


OUTLINE DIMENSIONS 

Dimensions shown in inches and (mm). 

□ ANALOG 
DEVICES 

IPA1764 




ORDERING INFORMATION 

IPA1764 X 60 B 



^Inductosyn is a registered trademark of Farrand Industries, Inc. 


This two-page data summary contains key specifications to speed your selec¬ 
tion of the proper solution for your application. Additional information on this 
product can be obtained from your local sales office. 
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SPECIFICATIONS 


(^ical @ +25^1; over full range of povver supply inputs unless ottieiwise noted) 


Mode! 

IPA1764/560 

IPA1764/460 

GAIN 

1250 ±5% 

★ 

GAIN MISMATCH 



Channel to Channel Over 

±0.15% (equivalent 


Full Temperature Range 

to 2.5 arc mins) 

±0.3% 

PHASE SHIFT 

<5" 

★ 

PHASE MISMATCH 



Channel to Channel 

<r 

★ 

CROSSTALK 

<0.1% 

n 

OPERATING FREQUENCY 

lOkHz 

•k 

INPUT RESISTANCE 

5kn ± 10% 

★ 

OUTPUT RESISTANCE 

<5n 

* 

MAX LOAD CAPACITY 

10,000pF 

★ 

MAX SIGNAL OUTPUT LEVEL 

3V rms 

★ 

POWER SUPPLIES 



Voltage 

±12Vto±15V 

★ 

Current 

50mA max 

★ 

TEMPERATURE RANGE 



Operating 

0 to + 70°C 

-55°Cto + 125°C 

SIZE 

0.775" X 0.975" X 0.175" 

(19.7mm x 24.8mm x 4.5mm) 

ic 

WEIGHT 

0.25 ozs (7 grams) 

★ 


NOTES 

^Specification same as IPAl 764/560. 
Specifications subject to change without notice. 


ABSOLUTE MAXIMUM VALUES WITH RESPECT TO 
SUPPLY GROUND 


Sin and Cos I/P. + V 

+ VPin.+17V 

-V Pin. -17V 

Sin and Cos 0/P Ik Load.. . + lOV 


Indefinite Short Circuit Proof 



DIGITAL WORD REPRESENTING POSITION WITHIN ONE INDUCTOSYN PITCH 


Use of 1S20 with Inductosyn Preamplifier I PA 1764, Hybrid 
Power Oscillator OSC 1758 
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FEATURES 

Full Military Temperature Range 
Hybrid Construction 
18-Pin OIL Package 
O-IOkHz Frequency Range 
In-Phase and Quadrature Outputs 

APPLICATIONS 

Synchro Resolver, and Inductosyn® Excitation 
LVDT Drive 


GENERAL DESCRIPTION 

The OSC1758 is a hybrid sine/cosine power oscillator which can 
provide a maximum power output of 1.5 watts, over 0 to 
lOkHz. 

The device comprises two independent parts-an oscillator and a 
power amplifier. 

The oscillator stage has two signal outputs, one 90° in phase 
advance with respect to the other. 

The oscillator frequency is programmable in the range of 0 to 
lOkHz by two identical external capacitors. 

The power amplifier stage is externally short circuit protected 
and has a gain of 2.8 ± 1%. The maximum output current this 
stage can produce is 215mA rms (at 7V rms). 

Connecting either of the oscillator stage outputs to the power 
amplifier input, using an external link, will give a nominal 
output of 7 volts rms. Lower voltages can be obtained by connecting 
an external resistor in series with the amplifier’s inputs. 

The OSC1758 is housed in an hermetically-sealed 18-pin DIL 
metal case, and operates over full military temperature range 
(-55°C to -f- 125°C), as well as the industrial (0 to 4-70°C) 
temperature range. 

MODELS AVAILABLE 

The OSC1758 is available in both industrial and military tem¬ 
perature ranges. For details of how to specify the required part, 
see “Ordering Information”. 

CONNECTING THE OSC1758 

The block diagram shows the output configuration, when using 
the power amplifier stage. If only the oscillator stage is required, 
the connection between pin 3 and pin 7 is not included. 

The frequency of oscillation for the OSC1758 in the block diagram 
is determined by the two identical capacitors Cl and C2. For 

This two-page data summary contains key specifications to speed your selec¬ 
tion of the proper solution for your application. Additional information on this 
product can be obtained from your local sales office. 


Hybrid Power Oscillator 


_ 0SC1758 

OSC1758 FUNCTIONAL BLOCK DIAGRAM 



the frequency required, the value of Cl and C2 should be calculated 
using the following equation. 


Cl =C2 


1 

FqSC 


Farads 


Where Fqsc =Frequency of oscillation in Hz. 


For a reduced output a series resistor, Rs, must be added. 

For the required output voltage Rs should be calculated as 
follows: 


37.5 xlO^ 
Vqut (rms) 


5350 Ohms 


STABILITY 

To ensure stability of both frequency and voltage level outputs 
it is essential that good quality external capacitors are used, 
e.g.. Silver Mica or Polystyrene. 

The tolerance quoted in the specification applies if high grade 
Silver Mica capacitors, with a temperature coefficient of less 
than 50ppm/° C, and a low loss factor, are used. 


POWER DISSIPATION 

The thermal dissipation characteristics for the OSC1758 are as 
follows: 

6 jimction - case =15° C/W 
0 junction - ambient =40° CAV 
0 j (max) =150° C. 

Total Power Dissipation = 

(^SUPPLY ^ ^supply) “ (Vqut ^ ^out ^ cosine (|)) 
where <)> = load phase angle 

NOTE: Although the power amphfier stage has internal short 
circuit protection, a heat sink should be employed for protection 
against continuous short circuit conditions. 

Inductosyn® is a registered trademark of Farrand Industries, Inc. 
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SPECIFICATIONS 


(typical @ +25°C with ±1SV power supplies unless otherwise noted) 


Model 

OSC1758/500 

OSC1758/400 

FREQUENCY RANGE 

O-lOkHz 


FREQUENCY STABILITY'-^ 

±5% 

★ 

REFERENCE 1 OUTPUT' 

2.5V rms ± 5% @ 3mA nns 

★ 

REFERENCE 2 OITTPUT" 

2.5V rms ± 5% @ 3mArms 

90° Phase Advanced with Respect to 



Ref. 1 Output 

★ 

AMPLIFIER OUTPUT* 

TV rms @ 215mA max 

* 

CAPACITIVE LOAD 

lOnF (max) 

★ 

AMPLIFIER GAIN' 

2.8 ± 1% 

★ 

AMPLIFIER INPUT RESISTANCE 

5.35kO±l% 

★ 

POWER DISSIPATION 

4.0 Watts (max) 

★ 

POWER SUPPLY'' 

± 15V 

★ 


60mA (max) No Load 

160mA (max) Full Load 

★ 

TEMPERATURE RANGE 



Operating 

0to+70°C 

-55°Cto + 125°C 

Storage 

-65°Cto+150°C 

★ 

SIZE 

0.975" X 0.775" X 0.175" 

(24.8mm x 19.7mm x 4.5mm) 


WEIGHT 

0.25 ozs. 

7 grams 

★ 


NOTES 

‘Over full operating temperature range. 

^See section on “Stability”. 

^Derated to 5V rms @ 215mA if using ± 12 volt power supply. 

'‘Will operate with ±12 volt power supply with derated output voltage. 
*Specifications same as OSCl758/500 
Specifications subject to change without notice. 


ABSOLUTE MAXIMUM VALUES WITH RESPECT TO 
SUPPLY GROUND 


+ Vs.-0.3V to +18V 

-Vs.+0.3V to -18V 


ORDERING INFORMATION 

OSC17S8 X 00 B 


I. 


— High Reliability Processing 

-X = 5 Oto+yO'^C 

Operating T emperature Range 

-X = 4 -55"Cto+125°C 

Operating Temperature Range 


OUTLINE DIMENSIONS 

Dimensions shown in inches and (mm) 


OSC1758 
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ANALOG 

DEVICES 


Tachogenerator Output Hybrid, 
Resolver-to-Digital Converter 


1S14,1S24,1S44and1S64 


FEATURES 
40-Pin Hybrid 

Tachogenerator Velocity Output 
DC Error Output 
Sub LSB Output 
Angle Offset Input 

Reference Frequency of 2kHz to 10kHz 
Logic Outputs for Extension Pitch Counter 

APPLICATIONS 

Numerical Control of Machine Tools 
Feed Forward Velocity Stabilizing Loops 
Robotics 

Closed Loop Motor Drives 
Brushless Tachometry 
Single Board Controllers 


GENERAL DESCRIPTION 

The 1SN4'^ are hybrid devices that convert standard resolver 
inputs to digital position and analog velocity outputs. All the 
essential features for multiturn or multipitch operation are included 
for numerically controlled machine tool and velocity feedback 
applications. 

Typically the input signals would be obtained from a brushless 
resolver and the resolver/converter combination gives a parallel 
absolute angular output word similar to that provided by an 
absolute encoder. The ratiometric conversion, principle of the 
1SN4 ensures high noise immunity and tolerance of lead length 
when the converter is at a distance from the resolver. 

The output word is in three-state digital logic form with a high 
and low byte enable input so that the converter can communicate 
with an 8- or 16-bit digital highway. 

A unique feature of the converter is its internally generated 
tachogenerator velocity output offering a hnear voltage-speed 
relationship. Only one external resistor is required to scale the 
velocity output to the users chosen volts/rpm relationship. 

Repeatabihty is ILSB under constant temperature conditions. 

Four resolutions are available all operating over a frequency 
range of 2kHz to lOkHz. 

IS 14 is 10-bit up to 40,800 revolutions per minute. 

1S24 is 12-bit up to 10,200 revolutions per minute. 

1S44 is 14-bit up to 2,550 revolutions per minute. 

1S64 is 16-bit up to 630 revolutions per minute. 


1S14, 1S24, 1S44 and 1S64 FUNCTIONAL BLOCK DIAGRAM 


REF 



DIGITAL ANGLE i|> 


APPLICATIONS 

The 1SN4 has been specifically designed for motor position 
control for the numerically controlled machine Und robot industry, 
using the type 2 servo loop tracking principle that ideally suits 
these converters to the electrically noisy environment found in 
these industrial applications. 

USER BENEFITS 

Allows both velocity and position measurement from a single, 
low cost, standard, brushless resolver. 

SOdB dynamic range of velocity output. 

0.5% ripple on velocity signal. 

0.1% linearity of velocity signal. 

Cost effective tachogenerator replacement. 

Tracks at 5 to 10 times the rate of equivalent resolution 
encoders. 

Analog output for interpolation between digital codes. 

Direction and Ripple Clock (Datum) outputs facilitate revolution 
counting. 

Hybrid construction offering small size and MTBF of >200 
years at 50®C GB. 


*N is 1, 2, 4 or 6 depending upon resolution of model. 
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QPI-niFIPATinNQ (typical for both commercial (SYO) and extended (4Y0) temperature range options @ 25''C and 
wl LUiriUnI lUllO ±i5Vor ± 12V power supplies, unless otherwise noted) __ 

Models 


Parameters 

1S14 

1S24 

1S44 

1S64 

Units 

RESOLVER INPUTS 






Signal Voltage 

2.0 ±5% 

★ 

4r 

* 

Vrms 

Reference Voltage 

2.0+50%/-20% 

* 

* 

* 

Vrms 

Signal & Reference Frequency 

2k-10k 

* 

★ 

* 

Hz 

Signal Input Impedance 

10(min) 

★ 

k 

★ 

MD 

Reference Input Impedance 

125 

* 

k 

* 

kft 

Allowable Phase ShM 






(Signal to Reference) 

±10 

* 

k 

* 

Degrees 

POSITION OUTPUT 






Resolution 

10 

12 

14 

16 

Bits 

ILSB 

0.35 

0.088 

0.022 

0.0055 

Degrees 

Accuracy (max error SYO 

±25.0(0.42) 

±8.5(0.14) 

±5.3(0.09) 

±4.0(0.07) 

Arc-mins (degrees) 

over temp, range) 

±0.12 

±0.04 

±0.025 

±0.019 

%F.S. 

4Y0 

±25.0(0.42) 

±8.5(0.14) 

±5.3(0.09) 

±2.6(0.04) 

Arc-mins (degrees) 


±0.012 

±0.04 

±0.025 

±0.012 

%F.S. 

Digital Position Output Format 

Parallel natural binary 

* 

★ 

k 


Load 

6 (max) 

★ 

★ 

★ 

LSTTL 

Monotonicity 

Guaranteed 

* 

* 

★ 


Repeatability 

1 

★ 

★ 

* 

LSB 

DATA TRANSFER 






Busy Output 

Logic “Hi” when Busy 

* 

★ 

* 


Load 

6 (max) 

★ 

★ 

★ 

LSTTL 

Busy Width 

380 (min) 530 (max) 

* 

* 

★ 

ns 

ENABLE Inputs 

Logic “Lo” to Enable 

★ 

* 

* 

j 

Load 

1 

* 

* 

k 

LSTTL 

Enable & Disable Times 

250 (max) 

* 

* 

k 

ns 

INHIBIT Input 

Logic “Lo” to Inhibit 

■k 

* 

k 


Load 

1 

* 

* 

k 

LSTTL 

Direction Output (DIR) 

Logic “Hi” when counting up, 






Logic “Lo” when coimting down. 

■k 

* 

k 


Load 

6 (max) 

k 

★ 

k 

LSTTL 

Ripple Clock (RC) 

Negative pulse indicating when 






internal coimters change from all 






“ I’s” to all “O’s” or vice versa. 

k 

* 

k 


Load 

6 (max) 

k 

* 

k 

LSTTL 

Width 

l|ji(max) 850n(min) 

k 

k 

* 

Secs 

DYNAMIC CHARACTERISTICS 






Tracking Rate (min) 






with ± 15V supplies 

40,800 

10,200 

2,550 

630 

rpm 

with ± 12V supplies 

34,680 

8,670 

2,168 

536 

rpm 

Acceleration Constant 






Ka 

220,000 

* 

* 

* 

Sec”^ 

Settling time (179° step input) 

25 (max) 

35 (max) 

60 (max) 

120 (max) 

ms 

Bandwidth 

230 

* 

* 

* 

Hz 

VELOCITY OUTPUT 






Polarity 

Positive for increasing angle 

*' 

* 

* 


Tachogenerator Voltage Scaling 

0.25 

1 

4 

16 

V/Krpm 

Scale Factor Accuracy 

± 1 (max) 

* 

★ 

* 

% of output 

Scale Factor Tempco 

200 (max) 

* 

★ 

★ 

ppm/°C 

Reversion Error 

±0.2 (max) 

* 

k 

★ 

% 

Reversion Error Tempco 

SO (max) 

* 

k 

★ 

ppm/°C 

Linearity 

0.1 

k 

k 

★ 

% of output 

Over full temp range 

0.25 (max) 

k 

k 

k 

% of output 

Ripple and Noise 






Steady State @ lOkHz (200Hz b/w) 

100 

150 

300 

1300 

jxVrms 

Dynamic Ripple (av-pk) 

0.5 (max) 

* 

★ 

* 

% of output 

Zero Offset 

±500 

k 

★ 

* 

tiV 

Zero Offset Tempco t 

50 (max) 

k 

* 

k 

tivrc 

Output Load 

^ 5 (min) 

k 

★ 

k 

kft 
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Models 

Parameters 

1S14 

1S24 

1S44 

1S64 

Units 

SPECIAL FUNCTIONS 

DC Error Output Voltage 

450 

* 

A 

A 

mV/degree 

Inter LSB Output 

1 

+1 

+1 

★ 

A 

A 

V/LSB 

Load 

1 (min) 

★ 

A 

A 

kn 

Angle Offset Input (over 
operating temperatiu'e range) 

320 (±10%) 

* 

A 

A 

nA/LSB 

Maximum Input 

32 

■* 

A 

A 

LSB 

POWER REQUIREMENTS 

Power Supplies 
±Vs 

±15 (±5%) or ±12 (±5%) 

★ 

A 

A 

Vdc 

+ 5V 

+ 4.75 to+5.25 

* 

A 

★ 

Vdc 

Power Supply Consumption 
±Vs 

30 (max) 

★ 

A 

A 

mA 

+ 5V 

125 (max) 

★ 

A 

A 

mA 

Power Dissipation 

1.5 (max) 

A 

A 

A 

W 

TEMPERATURE RANGE 

Operating 5 YO option 

Oto +70 

A 

A 

A 

“C 

4 YO option 

-55 to+ 125 

A 

A 

A 


Storage 5 YO option 

-55 to+ 125 

A 

A 

A 

°C 

4 YO option 

-60to + 150 

A 

A 

A 

°C 

DIMENSIONS 

5 YO option 

2.1" X 1. V X 0.195(5.3 x 28 x 4.95) 

A 

★ 

A 

Inches (mm) 

4 YO option 

2.14" X 1.14" X 0.18(54.4 x 29 x 4.6) 

A 

A 

A 

Inches (mm) 

WEIGHT 

1(28) 

A 

A 

A 

oz. (grms) 


NOTES 

‘Specifications same as 1S14. 

Specifications subject to change without notice. 


ABSOLUTE MAXIMUM INPUTS (with respect to GND) 


+ Vs'. 

-Vs'. 

+ 5V2. 

Reference .... 

Sine. 

Cosine. 

Any Logical Input 


... OV to + 17V dc 
... OV to - 17V dc 
. . . OVto +6.0Vdc 

. ± 17V dc 

. ± 17V dc 

. ±17Vdc 

. -0.4V to +5.5Vdc 


CAUTION: 

1. Correct polarity voltages must be maintained on the +Vs and 
-Vs pins. 

2. The +5 volt power supply must never go below GND 
potential. 
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PIN CONNECTIONS 


OPERATION OF THE CONVERTER 

The 1SN4 are tracking converters, this means that the output 
automatically follows the input for speeds up to the maximum 
tracking rate for the resolution option. No convert command is 
necessary as the conversion is initiated by each LSB increment 
for the input. Each LSB increment of the converter initiates a 
BUSY pulse. 

POSITION OUTPUT 

The resolver shaft position is represented at the converter output 
by a natural binary parallel digital word. 

The static angular accuracy quoted for each converter type is 
the worst case error that can occur over the full operating tem¬ 
perature range with the following input conditions: 

a) Signal input amplitudes within 5% of the nominal values. 

b) Signal and reference frequency within the specified operating 
range. 

c) Phase shift between signal and reference less than 10 degrees. 

d) Signal and reference waveform harmonic distortion less than 
10 percent. 

These test conditions are selected primarily to establish a repeatable 
acceptance test procedure which can be traced to national stan¬ 
dards. In practice the converters can be used well outside these 
operating conditions providing the following points are 
observed: 

Signal Amplitude (Sine and Cosine Inputs) 

The amplitude of the signal inputs should be maintained within 
5% of the nominal values if full performance is required from 
the analog outputs and inputs of the converter such as velocity, 
inter LSB position and angle offset. 

The digital position output is relatively insensitive to ampUtude 
variation. Increasing the input signal levels by more than 10% 
will result in a dramatic loss in accuracy due to internal overload. 
Reducing level will result in a steady decline in accuracy. With 
the signal levels at 50% of the correct value, the angular error 
will increase to an amount equivalent to 1.3LSB. At this level 
the repeatability will also degrade to 2LSB and the dynamic 
response will also change, since the factor Ka is proportional to 
signal level. 



NOTES 

1. "Rext" should be connected to "vel” when 

NO SCALING REQUIRED. 

2. CASE PIN CONNECTED ON 460 OPTION ONLY. 

Signal and Reference Frequency 

Any frequency within the specified range of the converter may 
be used. It should be noted that the same frequency must be 
used on both inputs. 

Reference Voltage Level 

The amplitude of the reference signal applied to the converter’s 
input is very uncritical, however it is essential that the zero 
crossing points are maintained in the correct place to drive the 
converter’s phase sensitive detector. 

Harmonic Distortion 

The amount of harmonic distortion allowable on the signal and 
reference lines mainly depends on the type of transducer being 
used. 

Square and triangle waveforms can be used but the input levels 
should be adjusted so that the average value after rectification is 
1.9 volts. (For example ~ a square wave should be 1.9V peak). 

Note: The figure specified of 10% harmonic distortion is for 
calibration convenience only. 

Phase Shift (Between Signal and Reference) 

See Section on “Dynamic Accuracy vs. Resolver Phase Shift”. 

DATA TRANSFER 
BUSY Output: 

The validity of the output data is indicated by the state of the 
BUSY output. When the input to the converter is changing, the 
signal appearing on the BUSY output is a series of pulses of 
TTL levels. A BUSY pulse is initiated each time the input 
moves by the analog equivalent of an LSB and the internal 
coimter is incremented or decremented. 

INH IBIT Inpu t: 

The INHIBIT logic input only inhibits the data transfer from 
the up-down counter to the output latches and therefore, does 
not interru pt the operation of the tracking loop. Releasing the 
INHIBIT automatically generates a BUSY pulse to refresh the 
output data. 

Note; With the INHIBIT input pin in the “Hi” TTL state, 
data will be transferred automatically to the output latches. 
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CLEAR 


ENA BICE Inpu ts: _ 

Two ENABLE input s arc provide d, ENABLE M for the most 
significant 8-bits and ENAB LE L for the least significant re¬ 
mainder. These ENABLES determine the state of the output 
data. A TTL logic “Hi” maintains the output data pins in a 
high impedance condition, the application of a logic “Lo” presents 
the d ata in the lat ches to the output pins. The operation of 
these ENABLES has no effect on the conversion process. 

Two methods are available for transferring data, by using the 
inputs and outputs described. 

One method is to transfer data when the BUSY is in a “Lo” 
state or clock t he data out on the t railing edge of the BUSY 
pulse. Both the INHIBIT and the ENABLES must be in their 
correct state of “Hi” and “Lo’s” respectively. 

The alternative method is to use the INHIBIT input. Data will 
always be va lid one mi crosecond after the application of a logic 
“Lo” to th e INHIBIT. This is regardless of the time when the 
INHIBIT is apphed. 


min = 936ns (« 40,800rpm’ 



HH^SOOn'TminH K 

75ns 50ns 



NOTE: 
1. 1S14 


Figure 1. Timing Diagram 

RIPPLE CLOCK (RC) and DIRECTION (DIR) Outputs: 

As the digital output of the converter passes through the major 
carry, i.e. all “I’s” to all “O’s” or the converse, a RIPPLE 
CLOCK (RC) logic output is initiated indicating that a revolution 
or a pitch of the input has been completed. 

The DIRECTION (DIR) logic output indicates the direction of 
input rotation and this data is always valid in advance of the 

RIPPLE CLOCK pulse, and stays valid until the direction 
changes (see Timing Diagram ~ Figure 1). 

These two logic outputs are provided so that the user can count 
the input revolutions or pitches. An external extension counter 
is required. Figure 7 shows the application circuit which should 
be used to perform this counting function. 

Note: CMOS external counters can be used (see Figure 2) but it 
is not advisable as great care must be taken to keep stray capaci¬ 
tances low because of the high tracking rate of the converter. 

VELOCITY OUTPUT 

The tracking conversion technique produces an internal signal 
at the input to the voltage controlled oscillator (VCO) that is 
proportional to the rate of the input angle. In the 1SN4 series 
additional circuitry is included to linearize this signal, which is 
closely characterized, producing a high quality tachogenerator 



Figure 2. CMOS External Counter 


velocity output at the VELOCITY (VEL) pin. 

This analog tachogenerator velocity output is resistively scaled 
internally to give a full scale output of ± lOV dc at the specified 
tracking rate for the converter. 

However, a full scale output of ± lOV dc can be obtained for 
lower speeds by changing the gain of the internal scaling amplifier 
using only one external resistor. The external resistor, Rext> 
should be connected between “Rext” pin and the GND REF 
pin, and calculated using the following equation. 


K^ext 


lOxA 

B-A 


kfl 


Where A = required rps to be represented by ± lOV FS 
and B = specified rps for the converter. 

Note: A cannot be greater than B and for unity gain “VEL” 
and “Rext” pins should be linked (no external resistor 
required). 

When the external resistor facility is used to provide large mag¬ 
nifications there is an additional velocity output offset generated 
due to the inevitable common ground impedance inherent with 
a single ground connection point. While these offsets will still 
be in spec, they can be code dependent. They can be minimized 
by taking the external scahng resistor from “Rext” to GND 
REF instead of “GND”. This means that the velocity output 
will be unaffected by the varying current drawn from the + 5V 
supply as the digital output changes. 

Ripple and noise on the velocity signal consists of two components 
- steady state noise and dynamic noise. 

Steady state noise - this is internally generated noise produced 
by the converter’s circuitry and is the only noise signal present 
under static input conditions. 

Dynamic noise - this is the noise produced, in addition to steady 
state noise, under dynamic operating conditions. 

The two main components of the dynamic noise signal are due 
to the “non-zero” angular error of the resolver/converter combi¬ 
nation. The figures given in the specification are typical for a 
size 11, 7 arc-minutes, brushless resolver. 

It should be noted that when operating at low tracking rates it 
is critical to maintain the signal input voltage at its nominal 
value in order to keep the noise level on the velocity signal to an 
absolute minimum. The effect of variation in signal voltage at 
low tracking rates is to produce low energy spikes on the velocity 
output on the rising edge of the BUSY pulse. The amplitude of 
these spikes will be in the region of 30p-V per percent variation 
in signal input voltage level. 

Note: The velocity signal output and max tracking rate derates 
by 15% (max) for operation with ±12 volt power supplies. 
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SPECIAL FUNCTIONS 

DC Error: The signal at the output of the phase sensitive detector 
is the input to the internal nulling loop and hence is proportional 
to the error between the input angle and the output digital 
angle. As the converters are a type 2 servo loop, this DC ERROR 
signal will increase if the output angle fails to track the input 
for any reason. It is therefore an indication that the input has 
exceeded the maximum tracking rate of the converter, or, due 
to some internal malfunction, the converter is imable to reach a 
null. By the use of two external comparators this voltage can be 
used as a “built in test”. 

INTER LSB Output: In order to overcome the “free play” 
inherent in a servo system using digitized position feedback, 
an analog output voltage is available representing the resolver 
shaft position within the least significant bit of the digital angle 
output. 

The output is therefore proportional to the inter LSB resolved 
position with a maximum output representing ILSB. 


INPUT 

ANGLE 


DIGITAL 
COUNT 0 
OUTPUT 


+ 1V 

INTER LSB 
OUTPUT 

-IV 

Figure 3 

Figure 3 illustrates how the INTER LSB output compensates 
for the instances where, due to hysteresis, there is no change in 
the digital count output for ILSB change in input angle. The 
sum of the digital coimt output and INTER LSB output equals 
the actual input angle. 

ANGLE OFFSET Input: A unique feature of the 1SN4 series 
of converter is their angle offset input which allows the user to 
electrically “rotate” the input shaft of the resolver. 

Injecting a current of 320nA into the angle offset input pin will 
offset the digital output of the converter by ILSB relative to the 
angle defined by the resolver inputs. It is recommended that an 
offset equivalent to no greater than 30LSB’s be applied to this 
input. 



Tachogenerator Transfer Function: 
Tachogenerator Output Ki(l + sTj) 
0IN “ S(1 + ST 2 ) 


Open Loop 


Tachogenerator Output 


s(l + sTO 


On 


Where: 


KjCl +sT,) + 


Closed Loop 
= 3.23 
= 68.2x10^ 

= 220x10^ 

= 4.46ms 
= 0.21ms 


Refer: Figures 4 and 5 



10 20 50 100 200 500 Ik 

FREQUENCY - Hz 



10 20 50 100 200 500 Ik 

FREQUENCY - Hz 


Figure 5. Phase Plot 

DYNAMIC ACCURACY VS. RESOLVER PHASE SHIFT 

Under static operating conditions phase shift between signal and 
reference lines theoretically does not effect the converter’s static 
accuracy. 


DYNAMIC PERFORMANCE 

The transfer function of the converter is given below. 


TACHOGENERATOR OUTPUT 



OoUT 


Positional Transfer Function: 


Qqut 

eiN 


K 1 K 2 

S2 


1 + sTj 
1 + ST 2 


Opeu Loop 


However, when rotating, most resolvers, particularly those of 
the brushless type, exhibit a phase shift between the signal and 
the reference. This phase shift will give rise under dynamic 
conditions to an additional error defined by: 

Shaft Speed (RPS) x Phase Shift (PEGS) 

Reference Frequency 

For example, for a phase shift of 20°, a shaft rotation of 22rps 
and a reference frequency of 5kHz, the converter will exhibit an 
. additional error of: 


20x22 

5000 


= 0.088° 


Qqut 

0IN 


1 + sTj 


1 + sT j + 


s2 

K,K2 


+ 


K.Kj 


Closed Loop 


This effect can be eliminated by putting a phase shift in the 
reference to the converter equivalent to the phase shift in the 
resolver. 


where KiKa^Ka 


Note: Capacitive and inductive crosstalk in the signal and reference 
leads and wiring can cause similar problems. 
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OUTPUTANGLE 


} 


DATATRANSFER 


} 


POWER 
SUPPLIES 
(NOTE 2) 


BITE OUTPUT 
(NOTE 6) 


NOTES 

1. GND; GND ref and AGND are internally CONNECTED. 

2. EACH SUPPLY SHOULD BE DECOUPLED WITH lOOnF CERAMIC CAPACITOR 
IN PARALLEL WITH A 6^F TANTALLUM CAPACITOR. 

3. REXT IS EXTERNAL TACHOGENERATOR SENSITIVITY SCALING RESISTOR 
(IF REQUIRED) - SEE TEXT UNDER HEADING "VELOCITY OUTPUT". 

4. R1 AND R2 ARE ANGLE OFFSET INPUT SCALING RESISTORS (IF REQUIRED) - SEE TEXT. 

5. CASE PIN CONNECTED ON 460 OPTION ONLY. 

6. POSSIBLE Use as built-in test EQUIPMENT. (SEE HEADING "SPECIAL FUNCTIONS" ) 


Figure 6. Electrical Connections 



Figure 7. Connections for Use with lnductosyn/"LS" External Counters 


CONNECTING THE CONVERTER 

The electrical connection of the converter is straight-forward. 
The power supply voltages connected to +Vs and —Vs pins 
can be ± 12V to ± 15V but must not be reversed. The +5V 
supply connects to the + 5V pin and should not be allowed to 
become negative with respect to the GND pin. 

It is suggested that decoupling capacitors are connected in parallel 
between the power lines ( + Vs, - Vs and +5V) and GND 
adjacent to the converter. 


When more than one converter is used on a card, then separate 
decoupling capacitors should be used for each converter. 

The converter has some H/F decoupling provided internally, as 
well as input protection on the signal and reference inputs. 

The resolver connections are made to the sine and cosine inputs, 
reference and analog ground as shown in the electrical connection 
diagram (Figure 6). 
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PROCESSING FOR HIGH RELIABILITY 


STANDAim PROCESSING 

As part of the standard manufacturing procedure, all converters 
receive the following processing: 


Process 


Condition 


1. Pre-Cap Visual Inspection 

2. Burn-In 

3. Constant Acceleration 

4. Gross Leak Test 

5. Final Electrical Test 


In-House Criteria 

70"C 

5000G 

In-House Criteria 
Performed at 25®C 


HIGH REL PROCESSING 

All models ordered to high reliability requirements will be iden¬ 
tified with a B suffix, and will have received the following proc¬ 
essing: 

1. Internal visual inspection 

2. Stabilization bake, 24 hours at 150°C 

3- Temperature cycling, -65°Cto +150‘’C 

4. Constant acceleration, 5000g 

5. Powered burn-in, 160 hours at 125°C 

6. Final electrical test at Tmin and Tmax 

7. Seal test, fine and gross 

8. External visual inspection 


OUTLINE DIMENSIONS 
PACKAGING SPECIFICATIONS 

Dimensions shown in inches and (mm). 



-2.095 ±0.021 (53.2 ±0.53(-BOTTOM VIEW 

PACKAGE FOR 560 OPTION. 



ORDERING INFORMATION 


N = 1 
N = 2 
N = 4 
N = 6 


1SN4 X60 B 


10-bit resolution 
12-bit resolution 
14-bit resolution 
16-bit resolution 



High Reliability Processing 

2kHz to lOkHz reference frequency 

X = 5 0 to 4- 70®C operating temperature range 

X = 4 - 55°C to + 125°C operating 

temperature range 
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ANALOG 

DEVICES 


Tachogenerator 
Output, Variable Resolution, 
Hybrid, Resolver-to-Digital Converter 



1S74 


FEATURES 
40-Pin Hybrid 

Tachogenerator Velocity Output 
User Selectable Resolution 
DC Error Output 
Sub LSB Output 
Angle Offset Input 

Reference Frequency of 2kHz to 10kHz 
Logic Outputs for Extension Pitch Counter 

APPLICATIONS 

Numerical Control of Machine Tools 
Feed Forward Velocity Stabilizing Loops 
Robotics 

Closed Loop Motor Drives 
Brushless Tachometry 
Single Board Controllers 

GENERAL DESCRIPTION 

The 1S74 is a hybrid device that converts standard resolver 
inputs to digital position and analog velocity outputs. All the 
essential features of multiturn or multipitch operation are included 
for numerically controlled machine tool and velocity feedback 
applications. 

Typically, the input signal would be obtained from a brushless 
resolver and the resolver/converter combination gives a parallel 
absolute angular output word similar to that provided by an 
absolute encoder. The ratiometric conversion principle of the 
1S74 ensures high noise immunity and tolerance of lead length 
when the converter is at a distance from the resolver. 

The output word is in three-state digital logic form with a high 
and low byte enable input so that the converter can communicate 
with an 8- or 16-bit digital highway. 

A unique feature of the converter is its internally generated 
tachogenerator velocity output offering a linear voltage-speed 
relationship. Only one external resistor is required to scale the 
velocity output to the user’s chosen volts/rpm relationship. 

Repeatability is ILSB under constant temperature conditions. 

The resolution of the 1S74 converter is user selectable by means 
of applying a specific binary code to two of the converter’s pins. 

Four resolutions can be selected, all operating over a frequency 
range of 2kHz to lOkHz. 

10 bit up to 40,800 revolutions per minute. 

12 bit up to 10,200 revolutions per minute. 

14 bit up to 2,550 revolutions per minute. 

16 bit up to 630 revolutions per minute. 


1S74 FUNCTIONAL BLOCK DIAGRAM 


REF 



PIN CONNECTIONS 


12 

11 

10 

9 

8 

7 

6 

5 

4 


_ 1 

ENL 
EMM 
GND 
+ 5V 
+ Vs 
-Vs 
N/C 
OCER 


O 

O 

O 

O 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 


PIN 1 o 

o 

o 

o 

o 

o 

o 

o 

BOTTOM O 

VIEW O 
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o 
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13 

14 

15 

16 
SC2 
SCI 
INH 
BUSY 
Rext 
VEL 

ANGLE OFFSET 

GND REF 

INTER LSB 

RC 

DIR 

CASE 

REF 

AGND 

SIN 

COS 


NOTES 

1. "Rsxt " SHOULD BE CONNECTED TO 
"VEL" FOR UNITY GAIN. 

2. CASE PIN CONNECTED ON 460 OPTION ONLY 


ORDERING INFORMATION 


1S74 X60 


High Reliability Processing 
2kHz to lOkHz reference frequency 


t X = 5 0 to + 70^0 operating temperatiure range 

X = 4 -55®C to + 125®C operating temperature range. 


This two-page data summary contains key specifications to speed your selec¬ 
tion of the proper solution for your application. Additional information on this 
product can be obtained from your local sales ofBce. 
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CDPn I [^1P ATI PMC ^ commercial (5Y0) and extended (4Y0) temperature range options 

or ElUiri vHI lUNO ©ZSI^and ±15Vor ± 12V power supplies, unless otherwise noted) 

Resolution 10 Bits 

ALL SPECIFICATIONS 
560 Option Same as 1S14 

560 Option 

460 Option Same as IS 14 SameaslS24 SameaslS44 SameaslS64 

460 Option 460 Option 460 Option 460 Option 

For full specification details please refer to the IS 14/24/44/64 data sheet on pages 3-400 and 3-401. 


12 Bits 

Same as 1S24 
560 Option 


14 Bits 

Same as 1S44 
560 Option 


16 Bits 

Same as 1S64 
560 Option 


RESOLUTION PROGRAMMING 

The 1S74 converter can be programmed for resolutions of 10, 

12, 14, and 16 bit by applying a binary code to the pins “SCI” 
and “SC2”. 

The dc error output and maximum revolutions per minute for 
full scale are scaled internally according to the particular resolution 
selected. 

Table I gives the binary code, dc error output and maximum 
tracking rate for the resolutions available. 



Binary Code 

DC Error 

Tracking Rate 
forFS(±10V) 

Resolution 

SCI 

SC2 

(mV/Bit) 

rpm 

10 Bit 

0 

0 

160 

40,800 

12 Bit 

0 

1 

40 

10,200 

14 Bit 

1 

0 

10 

2,550 

16 Bit 

1 

1 

2.5 

630 


Tablet. 

NOTE: When changing resolution under dynamic conditions, a 
period of uncertainty will exist before position and velocity data 
is valid. 

For more information ask for the relevant application note. 


OUTLINE DIMENSIONS 

Dimensions Shown in inches and (mm). 


PACKAGE FOR 560 OPTION 



[-»-2,095 ±0.021 (53.2 ±0.53)-BOTTOM VIEW 

PACKAGE FOR 560 OPTION. 


PACKAGE FOR 460 AND 460B OPTIONS 


■ ANALOG 

[devices 
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ANALOG 

DEVICES 


Low Cost, Hybrid, 12-Bit 
Resolver-to-Digital Converters 


2S20 


FEATURES 

Converts Brushless Resolver Outputs to Digital Angles 
Low-Cost Digital Shaft Angle Measurement 
High Tracking Rate (6000 rpm) 

Uses Applications Specific LSI Integrated Circuit 

Hybrid Construction 

Three-State Digital Output 

Operates Over 1kHz to 10kHz Frequency Range 

APPLICATIONS 

Robotics 

Machine Tool Control 
Factory Automation 
Industrial Control 


2S20 FUNCTIONAL BLOCK DIAGRAM 



^ BIT1_BIT 12 ^ 


DIGITAL OUTPUT WORD 
(12 BITS) 

» 


GENERAL DESCRIPTION 

The 2S20 converts the output of a brushless resolver into a 12- 
bit parallel digital word representing the resolver’s shaft angle. 
The combination of resolver and 2S20 can be regarded as a high 
reliability, low-cost absolute shaft encoder. 

The converter is of the continuous tracking type and can follow 
the resolver’s shaft at speeds of up to 100 revs per sec (6000 
rpm) without additional error. 

The converter operates over the reference frequency range of 
IkHz to lOkHz and the unit accepts signal inputs of 2.5 volts 
rms and reference inputs of 2.5 to 10 volts rms. 

The low cost has been achieved by the use of an Applications Specific 
Integrated Circuit which performs 90% of the total converter function 
and ensures extremely high reliability. 

The 2S20 is housed in a 32-pin, triple DIP ceramic package and 
operates over the temperature range 0 to +70°C. 

USER BENEFITS 

Unlike some other resolver-to-digital conversion techniques, the 
2S20 uses only the ratio of the sine and cosine stator signals for 
the conversion and consequently is extremely insensitive to 
reference voltage, frequency and waveform variations. 

The ratiometric amplitude measurement technique and the 
internal phase sensitive detector provide very high input noise 
rejection by attenuating signals which are not phase and frequency 
coherent with the reference signal. 

Data is transmitted from the resolver to the 2S20 in analog 
format thus allowing noise immune data transmission over long 
distances. Furthermore only 6 wires are required to transmit the 
angular data. 


MODELS AVAILABLE 

Only one model of the 2S20 is available operating over the 
frequency range IkHz to lOkHz and 0 to +70X. 

PIN CONFIGURATION 


NIC 

0 32 

1 O 

-Vs 

NIC 

0 31 

20 

+ Vs 

CASE 

0 30 

30 

+ 5V 

COS HI 

0 29 

40 

GND 

SIG COM 

0 28 

50 

N/C 

SIG COM 

0 27 

60 

Rhi 

SIN HI 

0 26 

70 

NIC 

ENABLE 

025 

80 

NIC 

NIC 

024 

90 

BUSY 

NIC 

023 

10O 

INHIBIT 

12 (LSB) 

0 22 

11 O 

(MSB) 1 

11 

0 21 

120 

2 

10 

0 20 

13 0 

3 

9 

019 

140 

4 

8 

018 

150 

5 

7 

017 

160 

6 


BOTTOM VIEW 


ABSOLUTE MAXIMUM INPUTS (with respect to GND) 


+ Vs' . . . . 
-Vs' . . . . 
+ 5V2 . . . . 
Rhi to GND . 
Sin Hi/Cos Hi 
Case to ... 


Any Logical Input 


. . OV to + 17V dc 
. . OV to - 17V dc 
. . . OV to +5.5V 

. ±20Vdc 

. ±20Vdc 

. ±20Vdc 

-0.4V to +5.5Vdc 


This two-page data summary contains key specifications to speed your selec¬ 
tion of the proper solution for your application. Additional information on this 
product can be obtained from your local sales office. 
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SPECIFICATIONS 


(typical @ + 2511, unless otheinvise noted) 


Model 2S20 


RESOLUTION 

12 Bits 

(Natural Binary) 

ACCURACY' 

±llarcinins 

ACCURACY TEMPERATURE COEFFICIENT 

0.12 arc mins/°C 

DIGITAL OUTPUT 

Parallel ILSTTL Load 

MSB = 180° 

SIGNAL & REFERENCE FREQUENCY 

2kHztol0kHz 

SIGNAL VOLTAGE 

2.5V rms 

SIGNAL INPUT IMPEDANCE 

50ka±2% 

REFERENCE VOLTAGE 

2.5V to lOV rms 

ALLOWABLE PHASE SHIFT 
(SIGNAL TO REFERENCE) 

±20° Will Give No 

Additional Static Error 

TRACKING RATE 

100 Revolutions 

Per Second Minimum (6000 rpm) 

SETTLING TIME (179° Step) 

20ms max 

ACCELERATION CONSTANT (KJ 

650,000/sec/sec 

BUSY OUTPUT 

Logic “Hi” When BUSY Ijjls max 
ILSTTL Load 

INHIBIT INPUT 

Logic “Lo” to INHIBIT 

ILSTTL Load 

POWER SUPPLIES 
+Vs 
-Vs 
-f-SV 

+ 12Vto+15V @ 10mA 
- 12Vto-15V @ 10mA 
+ 4.75Vto-(-5.25V@3mA 

POWER DISSIPATION 

0.320 Watts 

TEMPERATURE RANGE 

0 to + 70°C Operating 
- 60°C to + 150°C Storage 

DIMENSIONS 

1.72"xl.rx0.205" 

(43.5 X 28.0 X 5.2mm) 

WEIGHT 

1 oz (28 grams) 


NOTES 

* Accuracy applies at 2S°C and for ± 10% signal and reference voltage 
and frequency variation. ± 5% power supply variation. 
Specifications subject to change without notice. 


OUTLINE DIMENSIONS 
Dimensions shown in inches and (mm). 




PIN FUNCTION DESCRIPTION 


-Vs 

+ Vs 

+ 5V 

GND 

Bit 1-12 

Main negative power supply - 12V dc to — 15V dc. 
Main positive power supply + 12V dc to + 15V dc. 
Logic voltage. 

Power supply ground. Digital ground. 

Reference voltage low. 

Parallel output data bits 1 MSB = 180°. 

INHIBIT 

BUSY 

Inhibit logic input. Taking this pin “lo” inhibits 
data transfer from counter to output latches. The 
conversion loop continues to track. 

Converter BUSY. A “Hi” output indicates that the 
the output latches are being updated. Data should 
not be transferred from the converter output while 
BUSY is “Hi”. 

Sin Hi 

Cos Hi 

Input analog signals. 

ENABLE 

The output data bits are set to a low impedance 
state by application of a logic “lo”. 

Rhi 

Reference voltage input HI. Reference low 
connects to GND. 

CASE 

This should normally be grounded. Case can be 
be taken to any voltage with a low impedance 
up ± 20V. 



N/C 

Pins designated N/C not connected internally. 



SIGCOM 

Internally connected to GND. 
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ANALOG 

DEVICES 


LVDT-to-Digital Converter 

2 ^ 


FEATURES 

Internal Signal Conditioning 

Direct Conversion to Digits 

Reference Frequency 400Hz or 1kHz to 10kHz 

High MTBF 

No External Trims 

Absolute Encoding 

APPLICATIONS 

Industrial Measurement and Gauging 
Numerical Control 
Avionic Control Systems 
Valves and Actuators 
Limit Sensing 


2S50 FUNCTIONAL BLOCK DIAGRAM 



GENERAL DESCRIPTION 

The 2S50 series converters translate the outputs from LVDT 
and RVDT transducers into digits directly. No signal conditioning, 
trims, preamplifiers, demodulators or filters are required. The 
2S50 series can also be used as general purpose ratiometric A-to- 
D converters; very compatible with load cells, strain gauge 
bridges, some pressure transducers and interferometers. 

The 2S50 linearly converts ac signals into am 11-bit parallel 
digital word. The digital output is an offset binary word which 
is the ratio of the signal and reference inputs. When used with 
LVDT and RVDT transducers, the digital output represents 
the linear or rotary displacements of the transducer. The converter 
is a continuous tracking type using a type 2 servo loop. 

PRINCIPLE OF OPERATION 

The 2S50 is a tracking converter. This means that the output 
automatically follows the input without the necessity of a convert 
command. 

A conversion is initiated by a change of input signal equivalent 
to ILSB of the output. 

Each LSB increment of the output is indicated by a “Busy” 
pulse. 

With an LVDT connected to give a null at center position, the 
output will track the input from digital “1 + all zeroes” to 
digital “all ones” for plus full scale, and digital “1 + all zeroes” 
to digital “all zeroes” for negative full scale. 

The 2S50 operates only on the ratio of the two inputs for the 
conversion process. As such the whole system, consisting of 
excitation oscillator, LVDT and converter, is insensitive to 
change in excitation voltage, amplitude, frequency and 
waveshape. 

Since a phase sensitive demodulator is included with the conversion 
loop of the 2S50, the system has a high rejection to signals that 
are not phase and frequency coherent with the excitation voltage. 
This feature, combined with ratiometric conversion gives a very 
high standard of integrity to digitized LVDT and RVDT 
systems. 


PIN FUNCTION DESCRIPTION 


-Vs 


+ Vs 
+ 5V 
GND 

Bit 1-11 

RefHi ] 
DiffHi I 

RefLo ( 
DiffLo ) 

INHIBIT 


BUSY 


ENABLE 

CASE 

N/C 


Main negative power supply -15V dc. 

Main positive power supply + 15V dc. 

Logic supply. 

Power supply ground. Digital ground. 
Reference voltage low. 

Parallel output data bits. 

Analog reference input (Hi). 

Analog difference input (Hi). 

Analog reference input (Lo). 

Analog difference input (Lo). 

Inhibit logic input. Taking this pin “Lo” 
inhibits data transfer from counter to output 
latches. The conversion loop continues to 
track. 

Converter BUSY. A “Hi” output indicates that 
the output latches are being updated. Data 
should not be transferred from the converter 
while BUSY is “Hi”. 

The output data bits are set to a low impedance 
state by application of a logic “Lo”. 

This should normally be grounded. Case can be 
taken to any voltage with a low impedance 
up to ± 20V. 

Pins designated N/C not connected internally. 


ORDERING INFORMATION 


2S50/ 


X 


Y 0 




High Reliability Processing 


_Y = 1 400Hz reference frequency 

Y = 6 IkHz to lOkHz reference frequency 
X = 4 - 55°C to + 125“C operating temperature range (Metal Package) 
X = 5 0 to + 70°C operating temperature range (Ceramic Package) 


This two-page data summary contains key specifications to speed your selec¬ 
tion of the proper solution for your application. Additional information on this 
product can be obtained from your local sales office. 
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SPECIFICATIONS 


(typical @ +25*1!, unless otfienivise noted) 


Models 

2S50/510 

2SS0/560 

2SS0/410 

2S50/460 

RESOLUTION 

11 Bits 

* 

* 

* 

ACCURACY* 

0.1%(FuU Scale) 

0.1% 

0.2% 

0.2% 

LINEARITY 

± 1/2LSB 

♦ 

* 

* 

REFERENCE FREQUENCY 

400Hz 

IkHz-lOkHz 

400Hz 

IkHz-lOkHz 

SIGNALINPUTS^ 

2.5V rms 

* 

* 

★ 

INPUT IMPEDANCE 

5Mft(min) 


* 

* 

SLEW RATE (Min) 

200LSB/ms 

400LSB/ms 

200LSB/ms 

400LSB/ms 

SETTLING TIME (99% FS Step) 

50ms 

25ms 

50ms 

25ms 

ACCELERATION CONSTANT (kj 

70,000 

650,000 

70,000 

650,000 

BUSY PULSE 

1 pis (max) 

★ 

* 

* 


ILSTTLLoad 

* 

* 

* 

INHIBITINPUT 

Logic “Lo” to Inhibit 

* 

* 

* 


1LS TTL Load 

it 

* 

* 

POWER DISSIPATION 

550mW 

it 

* 

* 

POWER SUPPLIES^ 

- 15V @ 18mA (typ) 25mA (max) 

W 

* 

* 


+ 15V@ 18mA(typ)25mA(max) 

* 

* 

* 


+ 5V@3mA(max) 

* 

* 

* ■ 

TEMPERATURE RANGE 





Operating 

Oto+TO^C 

* 

-55**Cto+125^C 

it* 

Storage 

-60“Cto + 150“C 

* 

★ 

it 

DIMENSIONS 

1.72" xl.l"x 0.205" 

★ 

1.74" xl. 14" X 0.28" 

it* 


(43.5 X 28.0 X 5.2mm) 

★ 

(44.2x28.9x7.1mm) 

** 

WEIGHT 

loz.(28g) 

* 

* 

* 


NOTES 

'Accuracy applies over ± 20% signal voltage, ± 20% excitation frequency and full temperature range, 
and for not greater than 3° phase error between reference and difference inputs. 

^This is a nominal value. 

^ ± 12 volts to ± 17 volts. 

*Specificadons same as 2S50/510. 

‘♦Specifications same as 2S50/410. 

Specifications subject to change without notice. 


PIN CONFIGURATION 


ABSOLUTE MAXIMUM INPUTS (with respect to GND) 



+ Vs. .. 

-Vs . . -- 

+ 5V . 

Ref, Hi to Lo . . 
Diff, Hi to Lo . . 
Case to GND . . 
Any Logical Input 


OUTLINE DIMENSIONS 
PACKAGING SPECIFICATION 


. . OV to + 17V dc 
. . OV to - 17V dc 
. . OVto +5.5Vdc 

. ±20Vdc 

. ±20Vdc 

. ±20Vdc 

-0.4V to +5.5Vdc 


Dimensions shown in inches and (nun). 




2S50/410 and 460 Options, -55°C to + 125°C 
2S50/510 and 560 Options, 0 to + 70°C (Ceramic Package) (Metal Package) 
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QMXAO - Two-Channel, Isolated Analog Output Module . 4-37 

Macsym 120 - Industrial Workstation .. 4 - 19 

Macsym 250 - Programmable Measurement and Control Unit. 4-23 

Macsym 260 - Programmable Measurement and Control Unit. 4-27 
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ANALOG 

DEVICES 


Microprocessor Based Autoranging 
RTD/Thermistor Meter 


AD2060/AD2061 


FEATURES 

Temperature Ranges: “328®Fto +1562®F 
-200Xto +850X 

Autoranging: 0.1° from -199.9° to +199.9°; 1°>200° 
Sensor Selection (AD2060): RTD lOOil Platinum 
a = 0.00385, 0.00390, 0.00392 or 22520 Thermistor 
Universal Meter (AD2061) Sensor User Programmable 
Switch Selectable Sensor Configuration: 2, 3 or 4-wire 
7-Bit ASCII Character Serial Data Output 
Automatic Self-Calibration for Gain, Offset, Excitation 
and Sensor Linearization 
Optional Linearized Analog Voltage Output: 

1 mV/degree 

Optional Isolated 20mA ASCII Loop/TTL Serial Outputs 
APPLICATIONS 

Temperature Monitoring in Laboratory, Manufacturing 
and Quality Control Environments 
Process Control Temperature Measurements 
Remote Data Logging 


GENERAL DESCRIPTION 

The AD2060/AD2061 are high performance single channel SVi 
digit RTD/Thermistor meters that can measure temperature 
accurately between - 328°F and + 1562°F (- 200°C and + 850°C). 
Both meters offer autoranging from 0.1°C/F to TC/F. The 
AD2060 is supplied factory programmed for one of four sensor 
types: lOOO Platinum RTDs: 0 = 0.00385, 0.00390, 0.00392 or 
a 22520 Thermistor. The AD2061 is a universal meter in which 
the user selects one of the four sensor types via switch program¬ 
ming. The microprocessor based AD2060/AD2061 provides 
gain, offset and excitation error correction, linearization and °C/ 
°F scaling in firmware. The AD2060/AD2061 display temperature 
information on large 0.56"(14.3mm) high LEDs. Digital infor¬ 
mation is provided in 7-bit standard ASCII character serial 



format with baud rate selection for easy interface to printers, 
terminals and other peripherals. For remote data acquisition 
applications, an optional isolated 2-wire 20niA ASCII serial 
loop/TTL compatible interface is available. For driving recorders 
or other analog instruments, an optional linearized analog voltage 
output of 1 mV/degree is available. Selection of °C or °F scaling 
is accessed by removing the front panel lens and setting the 
selector switch to its proper position. 

The AD2060/AD2061 can be ordered in one of the following 
power versions: 120V ac, 240V ac or +7.5V dc to + 28.0V dc. 
Input voltage protection of 180V peak (RTD short to ac line), 
common-mode voltage to 1400V peak (ac version) with overrange 
and open sensor detection is provided. These meters are rated 
for operation over the 0 to + 40°C temperature range. Each 
AD2060/AD2061 is burned-in for 168 hours @ 50°C with on/off 
power cycles for increased reliability.The AD2060/AD2061 are 
supplied in rugged molded plastic cases that meet UL94V-0 and 
DIN/NEMA standard dimensions. 



lOPTIONALI 


Figure 7. AD2060& AD2061 Functional Block Diagram 
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SPECIFICATIONS 


(typical @ + 25^1! and rated supply voltages unless otherwise specified) 


RTD INPUTS 

• RTD Types: lOOD Platinum 

a = 0.00385 (Per DIN 43760) 
a = 0.00390 
a = 0.00392 

• Configuration: 2, 3 or 4 Wire 

• Excitation Current: 0.25mA nominal 

• External Lead 

Resistance Effect: Automatically Compensated for 3 & 4 wire configurations 

• Lead Resistance: 50n/Lead max; RTD + Lead Resistance must be less than 400ft 

• 3 Wire Error: 2.8‘’C/ft of impedance imbalance 

• Open Sensor: DISPLAY + EEE 

• RTD Short to ac Line: Internal protection provided to 180V peak (130V rms) 

• Maximum Common-Mode Voltage: 1400V peak (ac or dc) between input and power 
line ground (ac version) 

• Common-Mode Rejection Ratio: lOOdB ac power to RTD input 

• Normal Mode Rejection: 60dB @ 50/60Hz 

THERMISTOR INPUTS 

• Thermistor Type: Series 400 R = 2252ft 

• Configuration: 2 Wire 

• Open Sensor: DISPLAY -EEE 

ACCURACY 

• Temperature Resolution: Autoranging (O.T from - 199.9° to + 199.9°, r>200‘’) 

• All Ranges Guaranteed Monotonic 

• Range Temperature Coefficient: 20ppm/°C typ, 30ppm/°C max 

• Readout Accuracy* @ + 25°C 


Sensor 

Range 

Accuracy 

100ft RTD a = 0.00385 

-200°Cto +850°C 

±0.3°C±1/2LSD 


-328°Fto + 1562°F 

±0.6°F±1/2LSD 

100ft RTD a = 0.00392 

-200°Cto +640°C 

±0.3°C±1/2LSD 


-328°Fto + 1184°F 

±0.6°F±1/2LSD 

100ft RTD a = 0.00390 

-200°Cto+640°C 

±0.3°C±1/2LSD 


-328°Fto +1184°F 

±0.6°F±1/2LSD 

Thermistor R = 2252ft 

-30°Cto + 100°C 

±0.4°C±1/2LSD 


-22°Fto+212°F 

±0.8°F±1/2LSD 


*Readout Accuracy: Includes Gain and Offset Errors. Recommended 
Recalibration Interval 15-MONTHS. 


ANALOG TO DIGITAL CONVERSION 

• Technique: Offset Dual Slope with Gain and Offset Error Correction 

• Rate: 2.5 Conversions/Secoiid Typical 

• Input Integration Period: 100ms for 50/60Hz Noise Rejection 

POWER REQUIREMENTS (Choice of Three Supply Ranges) 

• ac: 90V ac to 132V ac @ 25mA (47Hz to 500Hz) 

198V ac to 264V ac @ 12.5mA (47Hz to 500Hz) 

• dc: +7.5V to +28V dc @ 200mA (Protected Against Supply Reversals) 

DISPLAY 

• Type: Seven Segment Orange LED 0.56" (14.3mm) high 

• Polarity Indication: “ + ” or “ - ” displayed 

• Overrange Indication: ± EEE 

• Display Test: At Power Turn-On, 3 Second Display of “ + 188.8.” Tests all 
Segments of Display 

ENVIRONMENTAL 

• Rated Temperature Range: 0 to + 40°C 

• Operating Temperature Range: - 10°C to + 50°C 

• Storage Temperature Range: - 40°C to + 85°C 

• Relative Humidity: Meets MIL-STD-202E, Method 103B 
(0 to 90%, Noncondensing) 

DIMENSIONS 

• Case: 3.78" x 1.89" x 5.13" (%.8mm x 48.9mm x 131.3nun), rugged molded 
plastic case. Meets UL94V-0 and DIN/NEMA Standard dimensions 

• Weight: 15.2 oz (431 grams) max, ac powered 

12.0 oz (341 grams) max, dc powered. 

RELIABILITY 

• MTBF: >55,000 hours calculated 

• Bum In: 168 Hours at + 50°C with Power ON/OFF Cycles. 

• Calibration: NBS Traceable 

• Recalibration: Recommended 15-Month Intervals 

• Warranty: 12 months 

CONNECTOR 

One 44 pin 0.1" (2.54mm) spacing card edge connector VUdng 3VH22/1 JN5 or 
equivalent 

Optional: Order AC2630 


DIGITAL OUTPUTS 

• Character Serial ASCII 

Data: Eleven transmitted characters, (each 7 bits plus strobe) 

Drive Capability: 2TTL loads, CMOS/TTL compatible 

Strobe: Negative transition determines when character serial data is valid. CMOS/TTL 
compatible. 

Character Rate: Selectable on PI (Pin 32) 

Grounded: 25 characters/sec. (SLOW) 

Open: 100 characters/sec. (FAST) 

• Isolated Serial Output (Optional) 

Data: Asynchronous ASCII 20mA current loop (Optically isolated to- ± 600V peak) 
Baud Rate: Selectable on PI (Pin 32) 

Grounded: 300 baud (SLOW) 

Open: 1200 baud (FAST) 

Distance: 10,000 ft. max 

• Nonisolated Serial Output (Optional) 

Data: Serial ASCII 

Drive Capability: 2TTL Loads, CMOS/TTL compatible 
Baud Rate: (same as Isolated Serial Output) 

• Overrange: ±EEE.E 

• Minimum Time Between New Data Update: 150ms 
DIGIT^ INPUTS 

• REQ: Low-Level Triggered: Must go low at any time other than during data 
transmission to be recognized. REQ line taken low during data transmission will 
not be acknowledged and the ASCII digital output transmission will not occur. 
Display readings are not effected by REQ. 

• SERIAL INPUT (Optional): Edge Triggered, Current On to Current Off: Must b e 
triggered at any time other than during data transmission to be recognized. Serial 
Input triggered during data transmission will not be acknowledged and the 20mA 
isolated/TTL comp atible serial output transmission will not occur. Display readings 
are not effected by Serial Input. 

ANALOG OUTPUT (OPTIONAL) 

• Voltage: 1 mV/degree, linearized 

• Current: ± 2mA max drive 

• CMV: 1400V peak (ac or dc) between Analog Output Ground & ac Power Line 
Ground 

• Overrange: + 2.048V, -0.512V 

• Accuracy: ±2raV from Display Reading 



Figure 2. Rear Fane! View 


ORDERING GUIDE 


AD2061 

AD2060 LLU^ 


J 


SENSOR TYPE* 

(385) 100ft Platinum RTD a = 0.00385 
(390) 100ft Platinum RTD a = 0.00390 } ENTER 
(392) 100ft Platinum RTD a = 0.00392 
(2252) Thermistor R = 2252ft 
POWER OPTION* 

(r)120Vac I 

(2) 240Vac } ENTER- 

(3) +7.5Vdcto+28Vdc I 
ANALOG OUTPUT OPTION 

(A) Contains Analog Output I enter - 

(Blank) Does Not Contain Analog Output | 

SERIAL OUTPUT OPTION 
(S) Contains Serial Output I j 

(Blank) Does Not Contain Serial Output f 


' ENTER - 


*OnIy one option can be ordered. The sensor type does not need to be specified 
when ordering the AD2061 since it is user programmable. 


Specifications subject to change without notice. 
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FEATURES 

Autoranging (0.1"* - V) 

4 1/2 Digit Resolution 

Automatic Self-Calibration for Gain, Offset, Cold 
Junction Compensation and Thermocouple 
Linearization 

J, K, T, E, R, S, C, B, J DIN, and T DIN Thermocouple 
Selection 

Universal Meter (AD2071), User Programmable for all 
Thermocouple Types 

Four Port Isolation: Input, Power, Digital Output 
and Analog Output 

Optional Isolated and Linearized Analog Voltage Out¬ 
put 1 mV/Degree 

Optional Isolated 20mA Loop/TTL Serial Data Output 
Optional Isolated RS-232/TTL Serial Data Output 
Heavy Gauge Rugged Metal Case 

GENERAL DESCRIPTION 

The AD2070/AD2071 are high performance, microprocessor 
based, autoranging, single channel thermocouple meters that 
can measure temperature accurately from - 328°F to + 4200®F 
(-200°C to +2315°C). The AD2070 is supplied factory pro- 
grainmed for any of the following ten thermocouple types: J, K, 
T, E, R, S, C, B, J DIN, and T DIN. The AD2071 is a universal 
meter in which the user selects one of the ten thermocouple 
types via switch programming. Both meters offer autoranging 
from 0.1°C/°F to rC/°F. The microprocessor based AD2070/ 
AD2071 provides gain and offset error correction, cold junction 
compensation, thermocouple linearization and °C/°F scaling in 
firmware. 

The AD2070/AD2071 display temperature information on large 
0.56" (14.3mm) high LEDs. Digital information is provided in 
standard ASCII character serial format with rate selection for 
easy interface to printers. For remote data acquisition applications, 
an optional isolated 20mA serial loop or RS-232 compatible 



instruments, an optional isolated and linearized analog voltage 
output of ImV/degree is available. Selection of °C or °F scaling 
is accessed by removing the front panel lens and setting a selector 
switch. 

The AD2070/AD2071 Can be ordered in one of the following 
power versions: 120V ac, 240V ac or +7.5V dc to + 28.0V dc. 
Input overvoltage protection rating is 300V peak (thermocouple 
to ac line shorts). The common-mode voltage rating is 1400V 
peak. Overrange and open thermocouple detection are provided 
in all models. Analog output and digital outputs are isolated to 
500V peak from power, input and output sections. Each meter 
is burned-in for 168 hours at 50°C with on/off power cycles for 
increased reliability. These meters are rated for operation over a 
+ 10°C to +40°C range. The AD2070/AD2071 are supplied in a 
heavy gauge, rugged metal case that meets DIN/NEMA standard 
dimensions. 



I OPTIONAL 
> 20mA 
LOOP 

I OPTIONAL 
r RS-232 


Figure 1. AD2070/AD2071 Functional Block Diagram 
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SPECIFICATIONS 


(typical @ + 25*1! and rated supply voltages unless othenunse specified) 


THERMOCOUPLE INPUTS 
THERMOCOUPLE TYPES: 

J, K, T, E, R, S, B, C, J DIN and T DIN 
INPUT IMPEDANCE: 
lOOMn 

EXTERNAL LEAD RESISTANCE EFFECT: 

<20|jlV per 3500 of Lead resistance \ 

COLD JUNCTION COMPENSATION ERROR: 

± 0.3'’C max (+ 10°C to + 40“C) 

OPEN THERMOCOUPLE: 

+ EEEE Display; + EEEE.E ASCII DIGITAL OUTPUT: + 3.500V 
ANALOG OUTPUT 

THERMOCOUPLE SHORT TO AC LINE: 

Internal Protection Provided to 300V peak, (200V ac rms) 
COMMON-MODE VOLTAGE: 

1400V peak (dc or ac), Between Input and Power Line Ground 
COMMON-MODE REJECTION RATIO: 

>130dB with 2500 Source Imbalance (dc to 60Hz) 
NORMAL-MODE REJECTION RATIO: 

>80dB Cd" 50/60HZ 

DIGITAL OUTPUTS 

ISOLATED CHARACTER SERIAL ASCII (Standard) 

DATA: 

Eleven transmitted characters, each 7 bits plus strobe 
DRIVE CAPABILITY: 

2TTL Loads, CMOS/TTL compatible 
OVERRANGE: ± EEEE.E 
STROBE: 

Positive transition determines when character serial data is valid. 
CMOS/TTL compatible. 

ISOLATION: 

500V Between Input, Analog Output and Power Input 
CHARACTER RATE: 

Selectable on PI (Pin 20) 

Grounded: 25 Character^sec. (SLOW) 

Open: 100 Characters/sec. (FAST) 

ISOLATED SERIAL OUTPUT (Optional) 

DATA: 

Asynchronous ASCII 20mA current loop or RS-232 
BAUD RATE: 

Selectable on PI (Pin 20) 

Grounded: 300 baud (SLOW) 

Open: 1200 baud (FAST) 

OVERRANGE: 

± EEEE.E 
DISTANCE: 

50 ft. (RS-232), 10,000 ft. (20mA loop) 

ISOLATION: 

500V Between Input, Analog Output and Power Input 
ISOLATED SERIAL OUTPUT 
DATA: 

Serial ASCII TTL 
DRIVE CAPABILITY: 

2TTL Loads, CMOS/TTL Compatible 
BAUD RATE: 

(same as above) 

OVERRANGE: 

± EEEE.E 
ISOLATION: 

500V Between Input, Analog Output and Power Input 
MINIMUM TIME BETWEEN NEW DATA UPDATE: 

100ms 


ISOLATED ANALOG OUTPUT (OPTIONAL) 
VOLTAGE: 

ImV/degree, Fahrenheit or Celsius linearized 
CURRENT: 

±2mA max 
OVERRANGE: 

+ 3.500V, -0.328V 
ACCURACY: 

±2mV from Display Reading 
ISOLATION: 

500V Between Input, Digital Output and Power Input 
ACCURACY 

TEMPERATURE RESOLUTION: 

Autoranging 0.rC/°F - 1°C/°F (see Sensor Ranges) 
RANGE TEMPERATURE COEFFICIENT: 

20ppm/°C typ, ± 40ppm/°C max (of Reading) 

All Ranges are Guaranteed Monotonic. 


Sensor 

Type 

Range 

Readout Accuracy @ + 25®C* 

J 

-200.0°Cto +760.0°C 

±0.4°C 

±1/2 LSD 

J 

-328.0°Fto + 1400.0°F 

±0.8“F 

± 1/2 LSD 

JDIN 

-200.0'’Cto +760.0°C 

±0.4°C 

± 1/2 LSD 

JDIN 

-328.0^^ + 1400.0°F 

±0.8°F 

±1/2 LSD 

K 

-200.0°Cto + 1250.0°C 

±0.4°C 

±1/2 LSD 

K 

-328.0°Fto + 1999.9°F 

±0.8“F 

± 1/2 LSD 

K 

+ 2000°Fto +2282T 

±0.8‘’F 

±1/2 LSD 

T 

-200.0°Cto+400.0‘’C 

±0.4'’C 

±1/2 LSD 

T 

-328.0'’Fto+752.0°F 

±0.8“F 

±1/2 LSD 

TDIN 

-200.0°Cto+400.0°C 

±0.4'’C 

±1/2 LSD 

TDIN 

-328.0‘’Fto +752.0°F 

±0.8‘>F 

± 1/2 LSD 

E 

-200,0°Cto + 1000.0°C 

±0.4"C 

±1/2 LSD 

E 

-328.0‘’Fto + 1832.0°F 

±0.8°F 

±1/2 LSD 

R 

0°Cto+299°C 

±2°C 

±1/2 LSD 

R 

-f300°Cto + 1768°C 

±1°C 

±1/2 LSD 

R 

4-32'’Fto +570°F 

±4°F 

±1/2 LSD 

R 

•f57rFto+3214°F 

±2°F 

± 1/2 LSD 

S 

0“Cto+299°C 

±2°C 

± 1/2 LSD 

S 

+ 300°Cto + 1768°C 

±rc 

± 1/2LSD 

S 

+ 32‘’Fto +570^ 

±4°F 

±1/2 LSD 

S 

-i-571‘’Fto +3214°F 

±2°F 

± 1/2 LSD 

B 

-h300‘‘Cto+400°C 

±3“C 

±1/2 LSD 

B 

-t-40rCto + 1820'’C 

±1°C 

± 1/2LSD 

B 

+ 572°Fto+752°F 

±6T 

±1/2 LSD 

B 

+ 753°Fto +3308T 

±2°F 

±1/2 LSD 

C 

0°Cto+400'’C 

±3“C 

±1/2 LSD 

C 

+ 401°Cto +2315°C 

±rc 

± 1/2 LSD 

C 

+ 32Tto +752^ 

±6°F 

± 1/2 LSD 

C 

+ 753°Fto -f4200“F 

±2°F 

± 1/2 LSD 

NOTE 

'Readout Accuracy includes all Conformity Errors, CJC Errors, Gain and Offset errors. Recom- 

mended recalibrauon interval IS-months. Warm-up time 10 minutes. 

ANALOG TO DIGITAL CONVERSION 

TECHNIQUE: 

Offset Dual Slope with Gain and Offset Error Correction 
RATE: 

2.5 Conversions/Second (Typical) 

INPUT INTEGRATION PERIOD: 

100 Milliseconds for 50/60Hz Noise Rejection 



DIGITAL INPUTS 

KEQ: LOW-LEVEL TRIGGERED: 

Must go lo w at an y time other than during data transmission to be 
recognized. REQ line taken low during data transmission will not be 
acknowledged and the ASCII digital outpu t transmission will not occur. 
Display readings are not effected by REQ. 

serial INPUT: EDGE TRIGGERED, CURRENT ON TO CURRENT OFF 
Must be tri ggered at any time other than during data transmission to be 
recognized. Serial Input triggered during data transmission will not 
be acknowledged and the isolated 20mA loop/TTL or isolated RS-232/TTL 
compatible serial o utput transm ission will not occur. Display readings 
are not effected by Serial Input. 


POWER REQUIREMENTS (Choice of Three Supply Ranges) 

ac: 

90V ac to 132V ac (o' 25mA (dc to IkHz) 

198V ac to 264V ac («' 12.5mA (dc to IkHz) 
dc: 

+ 7.5V to + 28V dc («^ 600mA (Protected Against Supply Reversals) 

DISPLAY 

TYPE: 

Seven Segment Orange LED 0.56" (14.3mm) high 
POLARITY INDICATION: 

“ + ” or “ - ” displayed 
OVERRANGE INDICATION: 

EEEE 

DISPLAY TEST: 

At Power Turn-On, 3 Second Display of “+ 1888.8.” Tests All Segments 
of Display 
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ENVIRONMENTAL 

RATED TEMPERATURE RANGE: 

+ 10°C to + 40°C 

OPERATING TEMPERATURE RANGE: 

- 10°C to + 50°C 

STORAGE TEMPERATURE RANGE: 

-40°Cto +85°C 
RELATIVE HUMIDITY: 

Meets MIL-STD-202E, Method 103B 
(0 to 90%, Noncondensing) 

RELIABILITY 

MTBF: 

> 200,000 hours calculated 
BURN IN: 

168 Hours at + 50°C with Power On/Off Cycles 


CALIBRATION: 

NBS Traceable 
RECALIBRATION: 

Recommended IS-Month Intervals 
WARRANTY: 

12 months 


DIMENSIONS 


CASE: 


3.78"X 1.89"X 6.75" (96.8mm x 48.0mm x 171.0mm), rugged 


aluminum case. DIN/NEMA Standard. 

+ 0.031" +,8 

PANEL CUT OUT: 3.622" ^ (91 ’°)mm x 1.771 

PANEL THICKNESS: 

1/16" (1.5mm) to 3/16" (4.8mm) 

WEIGHT. 


+ 0.024 
- 0.000 


(45 



23 oz. (650 grams) typ 


Specifications subject to change without notice. 


GENERAL THERMOCOUPLE OPERATION 

A thermocouple is a device that measures temperature by con¬ 
verting thermal energy to electrical energy. In order for this 
conversion process to take place, two phenomena must occur: 

(1) Two dissimilar metals must be boxmd together at one end to 
form the “HOT” or measuring jimction with the free end attached 
to the instrument constituting the “COLD” or reference junction 
(shown in Figure 2) and (2) the “HOT” and “COLD” junction 
must be maintained at different temperatures (AT). The magnitude 
of voltage (Vi) developed at the “COLD” junction is directly 
proportional to temperature differential develop)ed between the 
two junctions. 

METAL TYPE 
#1 



Figure 2. Typical Thermocouple 

In order for an accurate temperature measurement to be made 
of the “HOT” junction point, the “COLD” junction temperature 
must be known. Currently, there are two approaches in which 
this can be accomplished: 

1) By setting the “COLD” junction temperature to a fixed 
value, or (2) by measuring the ambient temperature at the “COLD” 
junction termination. 

One common convention for setting the “COLD” junction 
temperature to a fixed value is to place that junction into an ice 
bath which is set at the melting temperature of ice. 32°F/0°C. 

The AD2070/AD2071 use the second approach. By physically 
placing a “COLD” junction temperature sensor near the ther¬ 
mocouple input terminal block, the most accurate measurement 
of the ambient “COLD” jimction temperature is made. 

THERMOCOUPLE TYPE 

Thermocouples come in many forms depending upon the two 
dissimilar metals used, temperature range, and the application 
required. Because any two dissimilar metals that are bonded 
together can theoretically form a thermocouple, the National 
Bureau of Standards (NBS) sets standards and establishes cali¬ 
bration tables for each thermocouple temperature vs. output 
voltage. Shown in Table I are the thermocouple types, metallic 
composition, and environmental applications that can be interfaced 
with the AD2070/AD2071. 


Each thermocouple type is designated by an alphabetic letter 
that is accepted by the American National Standards Institute 
(ANSI). Shown in Figure 3 are the thermocouple types, that 
can interface with the AD2070/AD2071, displaying each NBS 
calibrated range and the corresponding specified operating range 
of the meter. 

ANSI Designated 


Themocouple 

Metallic 

Environmental 

Type 

Composition 

Applications 

E 

Chromel-Constantan 

Vacuum or inert, mildly oxidizing or reducing 
atmosphere. Not subject to corrosion at sub-zero 
temperatures. 

J 

Iron-Constantan 

Reducing atmospheres 

K 

Chromel-Alumel 

Clean Oxidizing Atmosphere 

S 

Platinum-Platinum 

10% Rhodium 

High resistance to oxidation and corrosion. 

T 

Copper-Constantan 

Mildly oxidizing and reducing atmospheres where 
moisture is present, high temperatiu'es up to + 7S(PF. 

R 

Platinum-Platinum 

13% Rhodium 

High resisunce to oxidation and corrosion. 

B 

Platinum 6% Rhodium- 
Platinum 30% Rhodium 

Oxidizing or inert atmosphere. 

C* 

*Not ANSI Symbol 

DIN Designated 
Type 

Tungsten 5% Rhenium- 
Tungsten 26% Rhenium 

Vacuum, inert Or Hydrogen Atmosphere 

J 

Iron-Constantan 

Reducing atmosphere 

T 

Copper-Constantan 

Mildly oxidizing and reducing atmospheres where 
moisture is present, high temperatures up to + 750“F. 


Table L Thermocouple Types, Metallic Composition, and 
Environmental Applications 



Figure 3. Thermocouple Temperature Flange & AD2070/ 
AD2071 Specified Operating Ranges 
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COLD JUNCTION COMPENSATION AND 
LINEARIZATION 

Cold junction compensation is provided by measuring the tem¬ 
perature of the thermocouple screw terminals. The AD2070/ 
AD2071 places an accurate temperature sensor in the terminal 
block to obtain the best possible thermal contact. The screw 
terminal temperature is measured periodically and stored in 
memory. The microprocessor uses this information to mathemati¬ 
cally reference the thermocouple to 0°C before linearization is 
performed. Thermocouple linearization, for the AD2070/AD2071 
is accomplished in firmware using the multisegment piecewise 
linear approximation technique. Here, the thermocouple span is 
broken up into about seventy linear segments that were computer 
selected to provide the least squared error to segment conformity 
(see Figure 4). This multisegment information is stored digitally 
in look-up tables and used for each thermocouple measurement. 
Since linearization is provided digitally, all conformity errors 
due to time and temperature are eliminated. 


STRAIGHT LINE 
THROUGH SEGMENT 
END POINTS 


voltage for either the Fahrenheit or Celsius temperature scales. 
This output voltage is also compensated for cold junction effects 
and thermocouple linearization. The Analog Output is isolated 
to 500V peak between Input and Digital Output. 

The two potentiometers for analog output gain and offset ad¬ 
justments are located behind the lens. 



Figure 6. Optional Isolated Analog Output 

ASCII DIGITAL OUTPUTS 

The AD2070/AD2071 provides its 4 1/2 digit plus sign information 
in an ASCII character serial format. A 7-bit Digital ASCII output, 
request (REQ), STROBE and CHARACTER/BAUD RATE 
lines are shown in Figure 1. Optional isolated 20mA Loop/TTL 
and Isolated RS-232/TTL serial output are provided in serial 
ASCII format, with SERIAL INPUT and CHARACTER/BAUD 
RATE control for remote data acquisition applications. 


SEGMENT 
- TEMPERATURE - 
END POINTS 


Figure 4. Linearization and Conformity Error 

POWER SUPPLY 

The AD2070/AD2071 are configured in three input power ver¬ 
sions: 120V ac, 240V ac and + 7.5V dc to + 28V dc. The AD2070/ 
AD2071 are designed using an off-line high frequency switching 
power supply circuit. Using this technique, the input voltage is 
rectified to a high voltage, switched through a high frequency 
transformer and then rectified and filtered. Using this technique 
small size and isolated voltages between all sections of the meter 
is obtained. 


ANALOG 
T.C. OUT 

POWER IN 

1 + — + - 

LO GND HI 


1 l®|®|®|^ 


Figure 7. Rear Panel View 

ORDERING GUIDE 


THERMOCOUPLE TYPE* 


WARNING HIGH VOLTAGE: 

K 

T 

AD2070 /_ 

The internal power supply circuit generates lethal voltages 

E 


as high as 700V. Service to this meter should be performed 

R 

► ENTER - 

by qualified personnel only. 

S 

c 


AD2071 /- 
/-X-/- 


The AD2070/AD2071 provides protection against high common¬ 
mode voltages as high as 140pV peak, that may be present between 
the thermocouple input and power supply ground (shown in 
Figure 5). The CMV figure applies for both ac, and dc powered 
meters. The AD2070/AD2071 also provides protection up to 
300V peak across the thermocouple inputs in case one side is 
accidentally shorted to a 240V ac rms power line. 

Additionally, Digital Output, Analog Output and Input sections 
of the AD2070/AD2071 are isolated from each other by up to 
500V peak. 



POWER OPTION* 

(1) 120V ac 1 

(2) 240V ac ^ ENTER - 

(3) +7.5V dc to +28V dc J 

ANALOG OUTPUT OPTION 

(A) Contains Analog Ouput \ cvjxeR _ 

(BLANK) Does Not Contain Analog Output / 

SERIAL OUTPUT OPTION* 

(51) Contains RS-232 Serial Output "j 

(52) Contains 20mA Loop Serial Output ENTER- 

(BLANK) Does Not Contain Serial Output J 

Example Order Number: AD2070/J/1/A/S1 =AD2070 for J Thermocouple 
Type, 120V ac Power, Analog Voltage Output and 
RS-232 Serial Output. 

*Only one option can be ordered. The thermocouple type does not need to 
be specified when ordering the AD2071 since it is user programmable. 


Figure 5. Rated CMV Specifications 

ISOLATED ANALOG OUTPUT (Optional) 

Shown in Figure 6 is the simplified block diagram of the optional 
analog output. It consists of a 12-bit digital-to-analog converter 
followed by an amplifier that provides a ImV per degree output 
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□ ANALOG m-Bit Video 

DEVICES Analog-to-Digital Converter 

CAV-1040 


FEATURES 

10-Bit Resolution 

40MHz Word Rate 

Single 35-ln^ PC Board 

ECL Compatible 

No External Circuits Required 

APPUCATIONS 
Radar Digitizing 
Medical Instrumentation 
Digital Communications 
Spectrum Analysis 
Transient Analysis 


GENERAL DESCRIPTION 

The Analog Devices Model CAV-1040 A/D converter is a “system 
solution” which combines 10-bit resolution, 40MHz word rates, 
and small size to solve high-speed digitizing problems. Its design 
is based on proven concepts introduced in the MOD-1020 and 
MOD-1205 A/D Converters and takes advantage of recent advances 
in technology to achieve a new level of performance in high-resolu¬ 
tion converters. 

It is pin-for-pin compatible with the industry’s first 10-bit, 
20MHz A/D, the MOD-1020. But it doubles the word rate of its 
predecessor, making it possible for system designers to upgrade 
their systems without new layouts. 

This remarkable converter is a complete answer to the question 
of digitizing radar, video, and/or other high-frequency inputs; it 



includes a track-and-hold, along with encoding and timing circuits. 
The CAV-1040 is an ideal choice for the designer who needs 
state-of-the-art performance in high-resolution, ultra-high-speed 
A/D conversion. 

For applications requiring maximum analog bandwidth, the 
CAV-1040A is the choice. In this version, the input operational 
amplifier and its associated offset and gain controls have been 
eliminated; this effectively doubles the analog input bandwidth. 

All inputs and outputs are ECL compatible. Analog input im¬ 
pedance is 250 ohms on IV range; 500 ohms on 2V range. The 
A/D requires only an encode command and external power 
supplies for operation. The CAV-1040 is repairable and backed 
by Analog Devices* limited one-year warranty. 



CAV-1040 Block Diagram 


This two-page data summary contains key specifications to speed your selec¬ 
tion of the proper solution for your application. Additional information on this 
product can be obtained from your local sales office. 
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SPECIFICATIONS 


(typical at +2S°C with nominal powfer supplies unless otheiwlse noted) 


Model__CAV-lOW_CAV-IOdOA 


RESOLUTION (FS « FuU Scale) 

Bits 

%FS 

10 

0.1 

* 

LSBWEIGHT 

IVp-pFS 

mV 

1 

N/A 

2Vp-pI^ 

mV 

2 

* 

ACCURACY 

(ladudins Linearity) @ dc 

Monotonietty 

%FS±I/2LSB 

0.05 

Guaranteed 

* 

Nonlinearity Vs. Temperature 

ppm/°C 

10 

** 

Offset vs. Temperature 

ppm/°C(max) 

200(300) 

* 

Gain vs. Temperature 

ppm/°C(max) 

50(100) 

* ■ 

DYNAMICCHARACTERISTICS 

In-Band Harmonics' 

SOOkHz input 

dB below FS, min 

65 

* 

2.3MHz input 

dB below FS, min 

55 

* 

9.3MHz input 

dB below FS, min 

48 

* 

Conversion Time^ 

ns 

100 4- 1 clock period 

* 

Conversion Rate 

MHz, max 

40 

* 

Aperture Uncertainty Gitter) 

ps, rms max 

20 

* 

Effective Aperture Delay Time 

ns 

-2 

8 

(± 2ns tolerance unit-to-unit) 

Signal to Noise Ratio (SNR)* 

dB,min 

56 

* 

Noise Power Ratio (NPR)'* 

dB(nun) 

50(47) 

* 

Transient Response* 

ns 

50 

* 

Overvoltage Recovery* 

ns 

50 

* 

Input Bandwidth 

Small Signal, 3dB' 

MHz 

30 

60 

Large Signal, 3dB* 

MHz 

20 

40 

Two-Tone Linearity (©Input Frequencies)’ 

(360kHz; 390kHz) 

dB below FS, min 

67 

* 

Differential Phase'** 


0.5 

* 

DifferentiaiGain"* 

% 

1 


ANALOG INPUT 

Voltage Range 

InputKns9& lOConneaed 

V,p-pFS 

1 

N/A 

Input Pin 9 or 10 

V,p-pFS 

2 

N/A 


V,max 

±4 

* 

lnptttPin9 

V,p-pFS 

N/A 

2+2% 

Input Type 


Either Unipolar or Bipolar 

Bipolar only 

Impedance 

IVInput Range 

Ohms 

250 

N/A 

2V Input Range 

Ohms 

500 

; * 

Offset 

mV 

Adjusuble to Zero with 
On-Card Potentiometer 

±4 

(Not adjusuble) 

vs. Temperature 

ppm/°C(max) 

200(300) 

* 

ENCODECOMMANDINPUT" 

Logic Levels, ECL-Compatible 

V 

“0”= -1.7 

* 

(Balanced Input) 

V 

“1”= -0.9 

* 

Impedaitce (Line-to-Line) 

Ohms, max 

100 

* 

Rise and Fall Times 

ns, max 

5 

* 

Width 

Min 

ns 

10 

* 

Max 


70% of Encode Command period 

1* 

Frequency'* 

MHz 

dcto40 

* 

DIGITAL OUTPUT 

Format 

Bits 

10 Parallel; NRZ 

* 

Logic Levels, ECL-Compatible 

V 

“0”= -1.7 

* 

(Balanced Output) 

V 

“1” = -0.9 

* 

Drive (Line-to-Line) 

Ohms, min 

75 

* 

Time Skew 

ns, max 

5 

* 

Coding 


Binary (BIN); 

Compl. Binary (CBIN) 



2’s Complement (2SC) 

Compl.2*sCompl.(C2SC) 

DATA READY OUTPUT 

Logic Levels, ECL-Compatible 

V 

“0”= -1.7 

* 

(Balanced Output) 

V 

“1*’= -0.9 

* 

Drive (Line-to-Line) 

Ohms, min 

75 

* 

Rise and Fall Times 

ns, max 

5 

* 

Duration 

ns (max) 

10(±2) 

* 

POWER REQUIREMENTS'* 

+ I5V±5% 

mA,max 

375 

* 

-15V ±5% 

mA,max 

200 

* 

+ 5V±5% 

mA,max 

25 

* 

-5.2V ±5% 

A, max 

2.5 

* 

Power Consumption 

W(max) 

20(22) 

* 

TEMPERATURE RANGE 

Operating 

"C 

Oto +70 

* 

Storage 

•c 

-55 to+85 


Cooling Air Requirements 

LFPM 

(Linear Feet Per Minute) 

500 

‘ 

CONSTRUCTION 

Single Printed Circuit Card 

Inches 

7.0X5.0X0.5 

* 

MEAN TIME BETWEEN FAILURES'* 

Hours 


3.22x10* 


OUTLINE DIMENSIONS 

Dimensions shown in inches and (mm). 



PIN DESIGNATIONS 


PIN 

FUNCTION 

PIN 

FUNCTION 


GROUND 

19 

BITT 

2 


20 

BIT 7 

3 

Ef^bOb^ command 

21 

SIT 7 

4 

GROUND 

22 


5 

-6.2V 

23 

BITS 

6 

+15V 

24 

wg 

7 

-15V 

25 

BIT 5 

8 

GROUND 

26 

WTT 

9 

ANALOG INPUT #1 

27 

BIT 4 

10 

ANALOG INPUT #2 

28 

BIT 3 

11 

+5V 

29 

Wf -- 

12 

GROUND 

30 

BIT 2 

13 

GROUND 

31 

■ffnT 

14 

BIT 10 

32 

BtTT 

15 

Birnr 

33 

BIT 1 

Jl£_ 

BITS 

34 

ffAtrSFADV" 

17 

Bnr 

35 

GROUND 

IS 

BITS 

38 

DATA READY 


ALL GROUND PINS ARE CONNECTED TOGETHER WITHIN THE ADC. 


NOTES 

Tn>Band Harmonics expressed in terms of spurious in-band 
signals and related harmonics generated at 40MHz encode rate. 
^Measured from leading edge Encode Command to trailing edge 
Data Ready; use trailing edge to strobe output data into external 
circuits. 

^Rms signal to rms noise ratio with SOOkHz analog input. 

^Dc to 8.2MHz white noise bandwidth with slot frequency of 
3.886MHz, and encode rate of 40MHz. 

’For full-scale step input, 10 -bit accuracy attained in specified 
time. 

’Recovers to 10-bit accuracy in specified time after 2 x FS input 
overvoltage. 

^With analog input 40dB below FS. 

’With FS analog input. (Large-signal bandwidth flat within 0.2dB, 
dc to 8 MH 2 on CAV-1040; dc to 20MHz on CAV-1040A.) 

’Each input frequency applied at level 7dB below full scale. 
'’Differential phase and differential gain measured with 20-IRE 
unit reference. 


"Transition from digital “0” to digital “1” initiates encoding. 
*^For operation at word rates below SOOkHz, consult factory. 

'’± ISV must be equal and opposite within 200mV and track over 
temperature. 

'^Calculated using MIL HNBK-217; +25“C Ambient; Ground 
Fixed; 500 LFPM Air Flow. 

^Specifications same as CAV-1040. 

Specifications subject to change without notice. 
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FEATURES 

12-Bit Resolution 

2MHz Word Rate 

Single Eurocard Size 

TTL Compatible 

No External Support Circuits 

APPLICATIONS 
Radar Digitizing 
Medical Instrumentation 
Transient Analysis 


share a common, standard geometry. When they do, it becomes 
possible to combine modules of various functions and manufac¬ 
turers in one common subrack. 

In Europe and many other parts of the world, Europa and double 
Europa-size printed circuit boards are used extensively as the 
basis of a standardized 19" system. The four levels of this system 
have evolved into a standard arrangement of dimensions which 
make it possible to combine components in one level and insert 
them into the components of the next higher level. 

The design of the CAV-1202 is based on the Level 2 requirements 
for printed circuit board subunits and meets the standards es¬ 
tablished by DIN 41494, lEC 48D (sec) 12. 


GENERAL DESCRIPTION 

The Analog Devices Model CAV-1202 A/D Converter is a unique 
combination of 12-bit resolution, 2MHz word rates, and small 
size capable of being applied in a multitude of high-speed digitizing 
applications. 

This remarkable, complete converter includes a track-and-hold 
along with encoding and timing circuits in a single ^‘Eurocard’* 
format. The unit requires only an encode command and external 
power supplies; no external support circuits are needed. 

Increasingly, large scale electronic devices and systems are designed 
in modular form. This approach for combining complex circuits 
and subsystems is best served if all components of the systems 




DATA READY 

BIT 1 (MSB) 

BiTT(i^) 

BIT 2 

BITS 

BIT 4 

BITS 

BITS 

BIT? 

BITS 
BITS 
BIT 10 
BIT 11 

BIT12(LSB1 


CA 1 /- ^202 Block Diagram 


This two-page data summary contains key specifications to speed your selec¬ 
tion of the proper solution for your application. Additional information on this 
product can be obtained from your local sales office. 
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SPECIFICATIONS 


(typical @ +25°C with nominal power supplies unless otherwise noted) 


Parameter 

Units 

CAV-1202 

RESOLUTION (FS = Full Scale) 

Bits(%FS) 

12(0.024) 

LSB WEIGHT 

mV 

1.0 

ACCURACY 



(Including Linearity) @ dc 

%FS ± 1/2LSB 

0.0122 

Monotonicity 


Guaranteed Over Temperature 

Diff. Nonlinearity vs. Temperature 

ppm/°C (max) 

2(4) 

Offset vs. Temperature 

ppm/°C (max) 

50(100) 

Gain vs. Temperature 

ppm/°C (max) 

75(150) 

DYNAMIC CHARACTERISTICS 



In-Band Harmonics* 



dc to 500kHz Input 

dB Below FS (min) 

74(70) 

500kHz to IMHz Input 

dB Below FS (min) 

67(60) 

Conversion T ime^ 

ns (max) 

400 (± 25) + 2 Clock Periods 

Conversion Rate^ 

MHz (max) 

dc to 2 (2.2) 

Aperture Uncertainty (Jitter) 

ps, rms, max 

30 

Effective Aperture Delay Time 

ns (max) 

-19(±5) 

Signal to Noise Ratio (SNR)"* 



360kHz Input 

dB (min) 

66(65) 

Transient Response® 

ns 

500 

Overvoltage Recovery* 

ns 

1000 

Input Bandwidth (3dB)^ 

MHz 

5 

Two-Tone Linearity ((a) Input Frequencies)* 



(500kHz; 540kHz) 

dB Below FS 

65 

ANALOG INPUT 



Voltage Range’ 



Operating 

V,FS 

±2.048 

Maximum Without Damage 

V,max 

±4 

Input Type 


Bipolar 

Impedance 

n 

95 

Offset*® 



Initial 

mV 

±2 

ENCODE COMMAND INPUT** 



Logic Levels, TTL-Compatible 

V 

“0” = 0to +0.4 


V 

“l”=+2.5to+5.0 

Impedance 

ft, min 

100k 

Rise and Fall Times 

ns, max 

10 

Width 



Min 

ns 

20 

Max 

70% of Encode Command Period 

Frequency 

MHz 

dcto2 

DIGITAL OUTPUT 



Format 

Data Bits 

12 Parallel, Plus MSB; NRZ 


Data Ready 

1;RZ 

Logic Levels, TTL-Compatible 

V 

“0” = 0to +0.5 



“l”=+2.5to+4.0 

Drive 

LS Loads 

10 

Time Skew 

ns, max 

10 

Coding 


Binary (BIN); 



2’s Complement (2SC) 

DATA READY OUTPUT 



Logic Levels, TTL-Compatible 

V 

“0” = 0to +0.5 



“1”= +2.5 to +4.0 

Drive 

LS Loads 

10 

Rise and Fall Times 

ns, max 

10 

Duration 

ns (max) 

50 (±10) 

POWER REQUREMENTS *2 



+ 15V ±5% 

mA (max) 

105(120) 

-15V ±5% 

mA (max) 

70(80) 

-f5V±5% 

mA (max) 

530(550) 

-5.2V ±5% 

A (max) 

1.0(1.2) 

Power Cpnsumption 

W(max) 

10.5(12) 

TEMPERATURE RANGE 



Operating 

’C 

Oto +70 

Storage 

“C 

-55to+85 

Cooling Air Requirements 

LFPM 

500 


(Linear Feet Per Minute) 

CONSTRUCTION 



Single Printed Circuit Card 



Including Connectors 

Millimeters 

167.3x100x13.13 


Inches 

6.59x3.93x0.517 

Board Only 

Millimeters 

160x100x1.57 


Inches 

6.3x3.93x0.062 


NOTES 

'In-Band Harmonics expressed in terms of spurious in-band signals and 
related harmonics generated at 2MHz encode rate. Minimums shown 
guar^teed over operating temperature range of 0°C to + 70°C. 

^Measured leading edge Encode Command to trailing edge of associated 
Data Ready; use trailing edge to strobe output data into external circuits. 

^For word rates below lOOkHz, consult factory. 

‘*Rms signal to rms noise ratio with full scale 540kHz analog input; 
minimums guaranteed over operating temperature range of 0“C to -(-70°C. 

*For full-scale step input, 12-bit accuracy attained in specified time. 

^Recovers to 12-bit accuracy in specified time after 2 x FS input 
overvoltage. 

^Input bandwidth flat within 0.2dB, dc to IMHz. 

*Each input frequency applied at level 7dB below full scale. 

’Standard bipolar input is adjustable ± 5% with on-card potentiometer. 

'"Adjustable ± 15mV without performance degradation. 

"Transition from digital “0” to digital “1” initiates encoding. 

'^± 15V must be equal and opposite within 200mV and track over 
temperature. 

Specifications subject to change without notice. 


PIN DESIGNATIONS 


ROW A 

ROWB 1 

PIN 

FUNCTION 

PIN 

FUNCTION 

1 

GROUND 

1 

ENCODE COMMAND 

2 

GROUND 

2 

GROUND 

3 

GROUND 

3 

GROUND 

4 

GROUND 

4 

GROUND 

5 

GROUND 

5 

GROUND 

6 

GROUND 

6 

GROUND 

7 

GROUND 

7 

GROUND 

8 

NO CONNECTION 

8 

DATAREADY 

9 

GROUND 

9 

GROUND 

10 

GROUND 

10 

GROUND 

11 

-5.2V 

11 

-5.2V 

12 

-5.2V SENSE 

12 

-5.2V RETURN* 

13 

+ 15V 

13 

+ 15V 

14 

+ 15V SENSE 

14 

+ 15V RETURN* 

15 

-15V 

15 

-15V 

16 

-15V SENSE 

16 

-15V RETURN* 

17 

+ 5V 

17 

+ 5V 

18 

+5VSENSE 

18 

+ 5V RETURN* 

19 

GROUND 

19 

GROUND 

20 

GROUND 

20 

BIT 1 (MSB) 

21 

GROUND 

21 

BIT 1 (MSB) 

22 

GROUND 

22 

BIT 2 

23 

GROUND 

23 

BITS 

24 

GROUND 

24 

BIT 4 

25 

GROUND 

25 

BIT 5 

26 

GROUND 

26 

BIT 6 

27 

GROUND 

27 

BIT 7 

28 

GROUND 

28 

BHS 

29 

GROUND 

29 

BIT 9 

30 

GROUND 

30 

BIT 10 

31 

GROUND 

31 

BIT 11 

32 

GROUND 

32 

BIT 12 (LSB) 


*CONNECTED INTERNALLY TO GROUND PINS 
ANALOG INPUT IS SMA CONNECTOR LABELED J2 
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ANALOG 

DEVICES 


12-Bit Video 
Anaiog-to-Digitai Converter 


CAV-1220 


FEATURES 
12>Bit Resolution 
20MHz Word Rate 
Single 35-ln^ PC Board 
ECL Compatible 
No External Support Circuits 

APPLICATIONS 
Radar Digitizing 
Medical Instrumentation 
Digital Signal Processing 
Spectrum Analysis 
Transient Analysis 

GENERAL DESCRIPTION 

The Analog Devices model CAV-1220 A/D converter is an 
outstanding combination of 12-bit resolution, 20MHz word 
rates, and small size. The unit is capable of solving a multitude 
of high-speed digitizing problems. Its design is based on concepts 
pioneered in the MOD-1020 and MOD-1205 A/D converters; 
and taken to an even higher level of achievement in the 
CAV-1210. 

It is pin-for-pin compatible with the other units in the MOD 
and CAV series of A/D converters. But it doubles the word rate 
of its predecessor CAV-1210, making it possible for system 
designers to offer options or upgrade their high-resolution systems 
without new layouts. 

This remarkable converter includes a track-and-hold, along with 
encoding and timing circuits. The CAV-1220 is an ideal choice 
for the designer who needs state-of-the-art performance in high- 
resolution, ultra-high speed A/D conversion. 

For radar applications, 12-bits of resolution increase the dynamic 



range of the converter, making it possible to detect weaker 
signals than would be possible with lower resolution characteristics. 
The high-word rates enhance ranging resolution, thereby in¬ 
creasing system effectiveness. 

In imaging applications, the CAV-1220 increases the contrast 
and/or color resolution of systems in which it is used. Its high-word 
rates increase spatial resolution; and this combination of high 
resolution and high speed can materiaUy improve system 
performance. 

All digital inputs and outputs are ECL compatible; optimum 
analog input impedance can be selected by the user. The unit 
requires only an encode conunand and external power supplies 
for operation. The CAV-1220 is repairable and backed by Analog 
Devices* limited one-year warranty. 



CA V-1220 Block Diagram 


BIT 1 (MSB) 

bTm 

BIT 2 


BIT 2 


BIT 3 


BIT 3 
BIT 4 

bTm 



BITS 
BiTi 
BIT 7 
BiT7 
BITS 
BITS 
BITS 
BITS 
BIT 10 
BIT 10 
BIT 11 
BIT 11 

BIT 12 (LSB) 
BIT 12 


This two-page data summary contains key specifications to speed your selec¬ 
tion of the proper solution for your application. Additional information on this 
product can be obtained fi'om your local sales office. 
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SPECIFICATIONS 


(typical @ +25''C with nominal power supplies unless otherwise noted) 


Parameter 

Units 

CAV-1220 

RESOLUTION (FS = Full Scale) 

Bits(%FS) 

12(0.024) 

LSB WEIGHT 



2.048V p-pFS 

mV 

0.5 

ACCURACY 



(Including Linearity) @ dc 

%FS ±1/2LSB 

0.0125 

Monotonicity 


Guaranteed 

Nonlinearity vs. Temperature 

ppmrC (max) 

10(15) 

Offset vs. Temperature 

ppm/®C (max) 

220(250) 

Gain Error 

%FS 

2 

Adjustable to Zero with On-Card Potentiometer 


Gain vs. Temperature 

ppm/°C, max 

150 

DYNAMIC CHARACTERISTICS 



In-Band Harmonics' 



S40kHz Input 

dB Below FS, min 

70 

2.3MHz Input 

dB Below FS, min 

65 

9.3MHz Input 

dB Below FS, min 

50 

Conversion Time^ 

ns (max) 

1 Clock Period + 155ns (± 10) 

Conversion Rate 

MHz, max 

20 

Aperture Uncertainty (Jitter) 

ps, rms max 

25 

Effective Apertiire Delay Time 

ns (max) 

2.5(±2.5) 

Signal to Noise Ratio (SNR)^ 

dB,(min) 

66(65) 

Noise Power Ratio (NPR)** 

dB 

52 

Transient Response^ 

ns 

100 

Overvoltage Recovery® 

ns 

200 

Input Bandwidth 



Small Signal, 3dB^ 

MHz 

40 

Large Signal, 3dB^ 

MHz 

35 

Two-Tone Linearity ((a) Input Frequencies)’ 



(60kHz; 62kHz) 

dB Below FS 

70 

(2.496MHz; 2.498MHz) 

dB below FS 

65 

(4.996MHz; 4.998MHz) 

dB below FS 

60 

ANALOG INPUT 



Voltage Range'® 



Operating 

V,FS 

±1.024 

Maximum Without Damage 

V,max 

±2 

Input Type 


Bipolar 

Impedance 

ft 

1000 

Offset" . 

, mV 

Adjustable to Zero with 



On-Card Potentiometer 

ENCODE COMMAND INPUT'^ 



Logic Levels, ECL-Compatible 

V 

“0”= -1.7 

(Balanced Input) 

V 

“1” = -0.9 

Impedance 

ft, max 

100 

Rise and Fall Times 

ns, max 

5 

Width 



Min 

ns 

10 

Max 

70% of Encode Command Period 

Frequency'^ 

MHz 

dcto20 

DIGITAL OUTPUT 



Format 

Data Bits 

12 Parallel; NRZ 


Data Ready and 



Data Ready 

2;RZ 

Logic Levels, ECL-Compatible 

V 

“0”= -1.7 

(Balanced Output) 

V 

“1” = -0.9 

Drive (Line-to-Line) 

ft, min 

75 

Time Skew 

ns, max 

5 

Coding 


Binary (BIN); 



2’s Complement (2SC) 

DATA READY OUTPUT 



Logic Levels, ECL-Compatible 

V 

“0” = -1.7 

(Balanced Output) 


“1” = -0.9 

Drive (Line-to-Line) 

ft, min 

75 

Rise and Fall Time 

ns, max 

5 

Duration 

ns (max) 

22(±3) 

POWER REQUREMENTS'^ 



+ 15V±5% 

mA (max) 

174(192) 

-15V ±5% 

mA (max) 

157(173) 

+ 5V±5% 

mA (max) 

174(192) 

-5.2V ±5% 

A (max) 

2.78(3.06) 

Power Consumption 

W(max) 

20.3(22.3) 

TEMPERATURE RANGE 



Operating 

°C 

0 to + 70 

Storage 

°C 

-55to+85 

Cooling Air Requirements 

LFPM 

500 


(Linear Feet Per Minute) 

CONSTRUCTION 



Single Printed Circuit Card 

Inches 

7.0 X 5.0 X 0.5 


OUTLINE DIMENSIONS 

Dimensions shown in inches and (nun). 




COMPONENT AREA 


i -»>{)<«•-0.04 ± 0.002 DIA. 

(1.016 ±0.05) 


. __ 0.3 ±i 

(7.69 ± 



PIN DESIGNATIONS 


PIN 

FUNCTION 

PIN 

FUNCTION 

1 

GROUND 

40 

DATA READY 

2 

ENCODE COMMAND 

39 

GROUND 

3 

ENCODE COMMAND 

38 

DATAREADY 

4 

GROUND 

37 

BIT 1 (MSB) 

5 

-5.2 V 

36 

BIT 1 (MSB) 

6 

+ 15V 

35 

BIT 2 

7 

-15V 

34 

BIT 2 

8 

GROUND 

33 

BIT 3 

9 

ANALOG INPUT 

32 

BIT 3 

10 

GROUND 

31 

BIT 4 

11 

+ 5V 

30 

BIT 4 

12 

GROUND 

29 

BIT 5 

13 

GROUND 

28 

BIT 5 

14 

BIT 12 (LSB) 

27 

BIT 6 

15 

BIT 12 (LSB) 

26 

BIT 6 

16 

BIT 11 

25 

BIT 7 

17 

BIT 11 

24 

BIT 7 

18 

BIT 10 

23 

BIT 8 

19 

BIT 10 

22 

BIT 8 

20 

BIT 9 

21 

BIT 9 


NOTES 

'In-Band Harmonics expressed in terms of spurious in-band signals and 
harmonics generated at 20MHz encode rate. 

^Measured from leading edge Encode Command to trailing edge Data 
Ready; use trailing edge to strobe output data into external circuits. 

^Rms signal to rms noise ratio with full-scale 540kHz analog input. 

^Dc to 8.2MHz white noise bandwidth with slot frequency of 3.886MHz; 
and encode rate of 20MHz. 

*For full-scale step input, 12-bit accuracy attained in specified time. 

‘Recovers to 12-bit accuracy in specified time after 2 x FS input 
overvoltage. 

^With analog input 40dB below FS. 

‘With FS analog input. (Large-signal bandwidth flat within 0.2dB, 
dc to lOMHz). 

^Both frequencies applied at level 7dB below full scale. 

'"Standard bipolar input is adjustable ± 5% with on-card potentiometer. 
Unipolar 0 to + 2V input range is available on special order; consult 
factory for details. 

"Adjustable ± ISmV without performance degradation. 

'^Digital “0” to digital “1” transition initiates encoding. 

"Encode rate specifled by customer. Units operated outside ± 10% of 
± specified frequency (up to maximum 20MHz) must be returned 
to factory for recalibration., For operation at word rates below 500kHz, 
consult factory. 

'‘'± 15V must be equal and opposite within 200mV and track oyer 
temperature. 

Specifications subject to change without notice. 


For Applications Help, Call Computer Labs Division @ (919) 668-9511. 
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ANALOG 

DEVICES 


Low Power 14-Bit, 15-Bit & 16-Bit 
Sampling Analog-to-Digital Converters 


DAS1157/DAS1158/DAS1159 


FEATURES 

Complete with High Accuracy Sampie/Hoid and 
A/D Converter 

Low Power Consumption: 650mW max. Vs = ±15V 
Rated Performance: -25Xto +85X 
Low Nonlinearity (DAS1158 and DASH59) 

Differential: ±0.0015% FSR max 
Integral: ±0.003% FSR max 
Differential T.C.: ±1ppm/°C max 
High Throughput Rate: 18kHz min 
Byte-Selectable Tri-State Buffered Outputs 
internai Gain & Offset Potentiometers 
All Hermetically-Sealed Semiconductors 
improved Second Source to A/D/A/M-834 and 
A/D/A/M-835 Modules 

APPLICATIONS 
Seismic Data Acquisition 
Portable Field Instrumentation 
Automated Test Equipment 
Process Controi Data Acquisition 
Medical Instrumentation 

GENERAL DESCRIPTION 

The DAS1157/DAS1158/DAS1159 are 14-/15-/16-bit sampling 
analog-to-digital converters. They are ideally suited for use in 
portable and remote data acquisition equipment where low 
fx)wer consumption (650mW maximum) and wide temperature 
range (- 25°C to + 85°C rated performance) are required. 

DAS 1157/DAS 1158/DAS 1159 provide guaranteed high accuracy 
and high stability system performance essential to medical, 
analytical and process control equipment: differential nonlinearity 
of ±0.0015% max and integral nonlinearity of ±0.003% max 
(DAS 1158 and DAS 1159); no missing codes guaranteed; gain 
T.C. of ± 8ppm/°C max, zero T.C. of ± 80p,V/°C max and 
differential nonlinearity T.C. of ± lppm/°C max. 

The wide dynamic range will enhance the performance of critical 
measurements in gas and liquid chromatography, blood analyzers, 
distributed data acquisition in factory automation and power 
generating equipment, and in automatic test equipment. 

The DAS 1157/DAS 1158/DAS 1159 make use of Analog Devices* 
proprietary CMOS technology to achieve low power operation, 
while utilizing the latest integrated circuit and thin-film compo¬ 
nents to achieve the highest level of performance and reliability. 
All hermetically-sealed semiconductor components are used 
to insure added reliability over a wide range of operating 
conditions. 




•SIH INPUT IS THE ANALOG SIGNAL INPUT IF THE 
INTERNAL SAMPLE HOLD AMPLIFIER IS USED 


Figure 7. DAS 1157/DAS 1158/DAS 1159 Block Diagram 


As shown in Figure 1, each device contains a precision sample/hold 
amplifier, high accuracy 14-/15-/16-bit analog-to-digital converter, 
precision reference, CMOS tri-state output buffers (for direct 8- 
bit or 16-bit bus interface), user accessible gain and offset adjust 
potentiometers, and power supply bypass capacitors, all in a 
compact low profile 2" x 4" x 0.375" metal case package. No 
additional components are required for operation. 


NEW PRODUCTS Modules & Subsystems 4-15 







SPECIFICATIONS (Wcal@ +25^1,Ys 


±15V,Yo= 


+SY unless ottiei¥rise specified) 


OUTLINE DIMENSIONS 

Dimensions shown in inches and (mm). 



NOTES 

^Specifications same as DAS11S7 
•‘Specifications same as DAS 1158 
'Measured in hold mode, input 20V pk-pk (a lOkHz. 

^Worst-case summation of S/H and A/D nonlinearity errors. 

’FSR means Full Scale Range. 

^Differential Nonlinearity in the 0 to + SV input range is specified as 
±0.003% typical for the DAS1157, DAS115? and DAS1159. 

"When connecting the Trigger and the S/H control terminals 
together, the pulse width must be long enough for the S/H 
amplifier to acquire the input signal to the required accuracy (Sp.s 
min). If the A/D converter only is used, the Trigger pulse width 
should be l^s min (see Figure 3). 


*Low Byte Enable pin connection s are Bits 8 through 15; High 
Byte Enable pin connections are MSB, MSB or Bit 16 and 
Bits 2 through 7. 

’DAS 1159 unipolar coding is provided in a modified binary format 
(MSB complement) while bipolar coding is two’s complement 
only. The MSB must be inverted for binary' and offset binary 
codes. 

*When the S/H section is required, - Vs must be at least 5 volts 
more negative than the most negative analog input voltage (example; 
Vs = ± 12V dc, therefore, maximum analog input is + 10 and 
-7V). 

’Recommended Power Supply: Analog Devices Model 923. 

Specifications subject to change without notice. 
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Applying the DAS1157/DAS1158/DAS1159 


OPERATION 

For operation, the only connections necessary to the DAS 1157/ 
DASH 58/DAS 1159 are the ± 15V and +5V power supplies, 
analog input signal, trigger pulse, and the HI-ENABLE/LO- 
ENABLE tri-state controls. Analog input and digital output 
progranuning are user selectable via external jumper 
connections. 

Input voltage ranges are selectable via user pin programming: 0 
to + 5V, 0 to + lOV, ± 5V and ± lOV. Unipolar coding is provided 
in true binary format with bipolar coding displayed in offset 
binary and two’s complement (DAS 1157 and DAS 1158). DAS 1159 
unipolar coding is provided in a modified binary format (MSB 
complement) while bipolar coding is two’s complement only. 

ANALOG INPUT SECTION 

The analog input can be applied to just the A/D converter or to 
the internal sample/hold amplifier ahead of the A/D converter. 
When using just the A/D converter, apply the analog input per 
the voltage range pin programming shown in Table I. When 
using the sample/hold amplifier in conjunction with A/D con¬ 
verter, apply the analog input to the S/H INPUT terminal and 
connect the S/H OUTPUT terminal to the appropriate A/D 
converter analog input. 


Analog Voltage 

Connect 

Connect 

Connect 

Input 

V,NorS/HOut 

Analog Common 

Ref Out 

Range 

To 

To 

To 

Oto +5V 

ANA INI, 

ANA IN 2, 

ANA IN 3 

Ground 

NC* 

Oto + 10V 

ANA IN 2 

Ground 

NC* 


ANA IN 3 

ANA INI 


±5V 

ANA INI 

Ground, 

ANA IN 3 

ANA IN 2 

±10V 

ANA IN 3 

Ground, 

ANA IN 1 

ANA IN 2 

*No Connection 





Table I. Analog Input Pin Programming 


Errors due to source loading are eliminated since the sample/hold 
amplifier is a high-impedance unity-gain amplifier. High feed¬ 
through rejection is provided for either single-channel or multi¬ 
channel applications. Feedthrough rejection can be optimized, 
in multichannel applications, by changing channels at the rising 
or falling edge of the S/H control pulse. 

TIMING DIAGRAM 

The timing diagram for the DAS1157/DAS1158/DAS 1159 is 
illustrated in Figure 3. This figure also includes the sample/hold 
amplifier acquisition time. 

If the sample/hold amplifier is required, the TRIGGER input 
and S/H CONTROL terminal can be tied together providing 
only one conversion control signal. When the trigger pulse goes 
high, it places the sample/hold amplifier in the sample mode 
allowing it to acquire the present input signal. The trigger pulse 
must remain high for a minimum of 5p.s to insure accuracy. If 
the sample/hold amplifier is not used, the trigger pulse needs to 
be 1|JLS (minimum) in length to satisfy the A/D converter trigger 
requirements. At the falling edge of the trigger pulse, the sample/ 
hold amplifier is placed in the hold mode, all internal logic is 
reset and the A/D conversion begins. The conversion process 
can be retriggered at any time, including during conversion. 

With this negative edge of the trigger pulse, the MSB is set 
high with the remaining digital outputs set to logic low state, 
and the end of conversion is set high and remains high through 
the full conversion cycle. During conversion each bit, starting 
with the MSB, is sequentially switched high at the rising edge 
of the internal clock. The DAC output is then compared to the 
analog input and the bit decision is made. Each comparison 
lasts one clock cycle with the complete 14-/15-/16-bit conversion 
taking 50p,s maximum. At this time, the end of conversion line 
goes low signifying that the conversion is complete. For micro¬ 
processor bus applications, the digital output can now be applied 
to the data bus by enabling the tri-state buffers. For maximum 
data throughput, the digital output data should be read while 
the sample/hold amplifier is acquiring the new analog input 
signal. 


r" 


CONNECT 

FOR 

BIPOLAR 

OPERATION 


L 




NOTES 

1. Output Data Valid. 

* 2. If S/H Control and Trigger are Tied Together, 

Pulse Width Must Be 5ps Min to Allow the 
S/H Amplifier to Acquire the Input Signal. If 
the ADC is Only Used, the Trigger Pulse Must 
Be 1p.s Min. 


Figure 2. Analog Input Block Diagram Figure 3. DAS1157/DAS 1158/DAS 1159 Timing Diagram 
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GAIN AND OFFSET ADJUSTMENT 
The DAS 11S7/DAS1158/DAS 1159 contain internal gain and 
offset adjustment potentiometers. Each potentiometer has ample 
adjustment range so that gain and offset errors can be trinuned 
to zero. 

Offset calibration is not affected by changes in gain calibration, 
and should be performed prior to gain calibration. Proper gain 
and offset calibration requires great care and the use of extremely 
sensitive and accurate reference instruments. The voltage standard 
used as a signal source must be very stable and be capable of 
being set to within ± 1/lOLSB of the desired value at any point 
within its range. 

OFFSET CALIBRATION 

For a 0 to + lOV unipolar range, set the input voltage precisely 
to +305pV for the DAS1157, + 153p,V for the DAS1158 and 
+ 76p,V for the DAS 1159. For a 0 to +5V unipolar range, set 
the input to + 153|jiV for the DAS1157, +76|xV for the DAS1158 
and + 38p,V for the DAS 1159. Then adjust the zero potentiometer 
until the converter is just on the verge of switching from 

000.000 to 000.001 (DAS1157/DAS1158) or from 

100.000 to 100.001 (DAS1159). 

For the ± 5V bipolar range, set the input voltage precisely to 
+ 305p,V for the DAS1157, + 153|xV for the DAS1158 and 
+ 76fjiV for the DAS 1159. For a ± lOV bipolar range, set the 
input voltage precisely to +610|jlV for the DAS 1157, +305|xV 
for the DAS1158 and + 153p,V for the DAS1159. Adjust the 
zero potentiometer until the off^t binary coded units are just 

on the verge of switching from 000.000 to 000.001 

and the two’s complement coded units are just on the verge of 
switching from 100.000 to 100.001. 

GAIN CALIBRATION 

Set the input voltage precisely to + 9.99909V (DAS 1157)/ 

+ 9.99954V (DAS1158)/ + 9.99977V (DAS1159) for the 0 to 
+ 10V units, +4.99954V(DAS1157)/ + 4.99977V(DAS1158)/ 

+ 4.99989V(DAS1159)for0 to +5V units, +9.99817V 
(DASl 157)/ +9.99909V (DAS 1158)/ +9.99954V (DAS1159) for 
± lOV units, or +4.99909V (DAS 1157)/ +4.99954V (DAS1158)/ 
+ 4.99977V (DASl 159) for ±5V units. Note that these values 
are 1 l/2LSBs less than nominal full scale. Adjust the gain 
potentiometer until binary and offset binary coded units are just 

on the verge of switching from 11.10 to 11.11 or modified 

binary and two’s complement coded units are just on the verge 
of switching from Oil.10 to 011.11. 

DAS1157/DAS1158/DAS1159 INPUT/OUTPUT 
RELATIONSHIPS 

The DASl 157/DAS 1158 produces a true binary coded output 
when configured as a unipolar device. Configured as a bipolar 
device, it can produce either offset binary or two’s complement 
output codes. The most significant bit ( MSB) i s used to obtain 
the binary and offset binary codes while (MSB) is used to obtain 
two’s complement coding. The DAS 1159 produces a modified 
binary coded output when configured as a imipolar device. 
Configured as a bipolar device it can only produ ce two’s com¬ 
plement output codes. The DASl 159 uses MSB to obtain the 
modified binary and two’s complement output codes; the DAS 1159 
does not have an MSB output. Table II shows the DASl 157/ 
DASl 158/DAS 1159 unipolar analog input/digital output re¬ 
lationships. Table III shows the DAS 1157/DAS 1158/DAS 1159 
bipolar analog input/digital output relationships. 


Input Voltage - Output Code Relationships 
Unipolar Input Voltages 
Analog Input Digital Output 


Oto +5VRange 

Oto +10V Range 


DASl 157 


Binary Code 

+ 4.99969V 

+ 9.99939V 

11 nil nil nil 

+ 0.00000V 

+ 0.00000V 

00 0000 0000 0000 

DASl 158 


Binary Code 

+ 4.99985V 

+ 9.99969V 

111 nil nil nil 

+ 0.00000V 

+ 0.00000V 

000 0000 0000 0000 

DASl 159 


Modified Binary Code 

+ 4.99992V 

+ 9.99985V 

0111 nil nil nil 

+ 0.00000V 

+ 0.00000V 

1000 0000 0000 0000 


Table II. Unipolar Input-Output Relationships 


Bipolar Input Voltages 


Analog Input Digital Output 


± SV Range 

DAS 1157 

±10V Range 

Offset Binary Code 

Two’s Complement Code 

+ 4.99939V 

+ 9.99878V 

11 nil nil nil 

01 nil nil nil 

+ 0.00000V 

+ 0.00000V 

10 0000 0000 0000 

00 0000 0000 0000 

-5.00000V 

- lO.OOOOOV 

00 0000 0000 0000 

10 0000 0000 0000 

DAS 1158 

+ 4.99969V 

+ 9.99939V 

111 nil nil nil 

on nil nil nn 

+ O.OOOOOV 

+ 0.00000V 

100 0000 0000 0000 

000 0000 0000 0000 

-S.OOOOOV 

DASl 159 

- lO.OOOOOV 

000 0000 0000 0000 

100 0000 0000 0000 

+ 4.99985V 

+ 9.99969V 


0111 1111 1111 1111 

+ 0.0O000V 

+ 0.00000V 


0000 0000 0000 0000 

-5.00000V 

- lO.OOOOOV 


1000 0000 0000 0000 


Table III. Bipolar Input-Output Relationships 


TRI-STATE DIGITAL OUTPUT 

The ADC digital outputs are provided in parallel format to the 
output tri-state buffers. The output information can be applied 
to a data bus in either a one-byte or a two-byte format by using 
the HIGH BYTE ENABLE and LOW BYTE ENABLE terminals. 
If the tri-state feature is not required, normal digital outputs 
can be obtained by connecting the enable pins to groimd. 

POWER SUPPLY AND GROUNDING CONNECTIONS 

No power supply decoupling is required since the DASl 157/ 
DAS 1158/DAS 1159 contain high quality tantalum capacitors on 
each of the power supply inputs to ground. 

The analog and digital grounds are internally connected in the 
DASl 157/DASl 158/DAS 1159. But in many applications, an 
external connection between the digital ground pin and analog 
ground pin is advisable for optimum performance. 



Figure 4. Typical Ground Layout for DASl 157/DAS 1158/ 
DASl 159 
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□ ANALOG 

DEVICES Industrial Workstation 


MACSYM120 


FEATURES 

• Ruggedized Packaging Designed to Address the 
Higher Temperatures, Vibration and Particulate 
Contaminants Found in Plant Floor Environments 

• Color Graphics, 5 1/4" Diskette Drive, 10 MB Fixed 
Disk, Parallel and Serial Communication Ports, 

256 KB RAM and Battery Backed-Up Clock 

• An Industry Standard Real-Time Operating System, 
Concurrent CP/M-86* from Digital Research, to 
Serve as a Powerful Foundation for Application 
Software Development 

• ADI's Measurement and Control BASIC, 

MACBASIC^*^, is Real Time, Multitasking, 

With Integral I/O Keywords and High Speed 
Graphics, to Optimize Monitoring, Test and 
Control Applications 

• Supports the MACSYM® Family of Application 
Software Tools Including High Level Language, 

Menu Driven Application Software Programming 
Utilities and Assembly Language 

• Compatibility with PC DOS** Files Allows Data 
Gathered in Real Time Using MACBASIC to be 
Stored in PC DOS Format and Manipulated, Analyzed 
and Presented by Standard Third-Party Software, 
Such as Lotus 1-2-3***, Wordstart, and dBasett 

• A Family of Measurement and Control I/O Cards 
that Install in the System Unit for Workstation 
Based Measurement and Control Configurations 

• Integrated System Support for the Analog Devices 
Family of p.MAC^ and MACSYM Measurement 
Control Units 

• Expandable System Architecture Which Permits 
the Addition of Up to 640KB of Memory, Additional 
Communication Ports and Many Standard Products 
Designed for Use With the IBM PC/XT** 

• A Family of Peripherals Including Printers, 

Plotter, and Monitors 

MACBASIC and piMAC are trademarks of Analog Devices, Inc. 
MACSYM is a registered trademark of Analog Devices, Inc. 

*CP/M-86 is a registered trademark of Digital Research, Inc. 

**PC DOS and IBM PC/XT are registered trademarks of international 
. Business Machines Corporation 

*«*Lotus 1-2-3 is a registered trademark of Lotus Development Corp. 
tWordstar is a registered trademark of MicroPro International Corp. 
ttdBase is a trademark of Ashton Tate Corp. 



OVERVIEW 

The MACSYM 120 is a version of the IBM PC/XT manufactured 
by IBM for Analog devices and designed for use in plant floor 
environments. The system hardware supports all of the functions 
of Analog Devices hardware and software products as well as 
the IBM PC/XT. The MACSYM 121 is comprised of the standard 
MACSYM 120 system unit configured to support the MACSYM 
200 family of products. 

The base MACSYM 120 consists of a system unit and a keyboard. 
The system unit contains a 10MB fixed disk drive, dual sided 
5 1/4" diskette drive, color/graphics monitor card, a multifunction 
combination card, 256KB of RAM and four system expansion 
slots. A door over the disk/diskette drive area protects the drives 
from particulate contaminants. A cooling fan with removable 
filter protects the system internals from suspended and settleable 
particulates. A retainer bar inside the system unit secures each 
of the installed cards against vibration. The multifunction com¬ 
bination card provides an asynchronous communication port, a 
parallel printer port, battery backed-up calendar-clock and a 
thermal sensor interface to monitor temperature inside the system 
unit. 

The keyboard attaches to the rear of the system unit via a coiled 
cable. The keypad area is comprised of three sections: typewriter 
keys, numeric/editing keypad, and programmable function keys. 

Various options are available for use with the base system such 
as a color monitor, more system memory, serial/parallel com¬ 
munication ports, peripheral devices, measurement and control 
I/O cards and subsystems. 


This four-page data summary contains key specifications to speed your selec¬ 
tion of the proper solution for your application. Additional information on this 
product can be obtained froin your local sales office. 
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THE STANDARD SYSTEM UNIT 

The standard MACSYM 120 system imit has the following 
features: 

• System Board With Intel 8088 Microprocessor and 8087 
Math Coprocessor 

• Power Supply 

• 83 Key Sealed Membrane Keyboard With Typewriter 
Keyboard, Numeric/Editing Keypad, Buffered Input and Ten 
Function Keys 

• 10 MB Fixed Disk and Adapter Card 

• 5 1/4" Floppy Diskette Drive and Adapter Card 

• Color/Graphics Display Adapter Card 

• Combination Adapter Card With One Asynchronous Com¬ 
munication Port, One Parallel Interface Port, Battery Backed- 
Up Clock and Thermal Warning System 

• Four System Expansion Slots for Option Boards such as 
Additional Memory, Communication Ports or Measurement 
and Control lO 

The Macsym 120 is supported by two levels of diagnostics. A 
power-on self test is executed to verify that base system elements 
are working properly. It will report on problems that could 
prevent the system from booting. Additionally, each system is 
shipped with a diagnostic diskette. These tests can be used to 
verify proper operation of the system board, keyboard, memory, 
adaptor and option cards. Each of these units is customer 
replaceable. 

System Board 

The heart of the system unit is the System Board. It consists of 
five functional areas: the Microprocessor Subsystem and its 
support elements; the Read-Only-Memory (ROM) subsystem; 
the Random Access Memory (RAM) subsystem; I/O bus and 
adapter card interface circuitry. Eight IBM PC/XT compatible 
62-pin card edge sockets are mounted on the board for system 
I/O. The I/O signals are bussed across these eight slots for use 
by the standard adapter cards and optional expansion products. 

The MACSYM 120’s processing power is based on the Intel 
8088 Microprocessor. It is an 8-bit external bus version of Intel’s 
16-bit 8086 Microprocessor, and is software compatible with the 
8086. Thus the 8088 supports 16-bit operations. 

The 8088 operates in maxinium mode so that an Intel 8087 
math coprocessor can be used. The coprocessor enables the 
system to perform high speed arithmetic, logarithmic functions, 
and trigonometric operations with exceptional speed and accuracy. 
The coprocessor works in parallel with the 8088. The parallel 
operation allows the coprocessor to do mathematical calculations 
while the 8088 microprocessor continues to do other functions. 
This performance is important when performing real-time analysis 
or calculating control algorithms. 

An eight position dual-in-line switch mounted on the system 
board provides system programs with information about installed 
options via the operating system. 

The System Board also contains the circuitry for the serial interface 
to the keyboard. These circuits generate an interrupt to the 
system unit’s 8088 microprocessor when a keyboard scan complete 
code is received. The interface logic can also request execution 
of a diagnostic test in the keyboard. 

Power Supply 

The power supply is an integral part of the system unit chassis. 
It supplies the power and power OK reset signal necessary for 
the operation of the system board, installed options, and the 
keyboard. It also provides two separate connectors for power to 
the 5 1/4" diskette drive and the 10MB fixed disk drive. It is 
designed for continuous operation at 130 watts and has a fused 


120V ac input. The power supply is designed to operate in plant 
power environments. It provides system unit power through 
power line transients and input fluctuations from 104V ac to 
127V ac, 57Hz to 63Hz. When the power supply is turned on 
after it has been off for 5 seconds, it generates a power good 
system reset signal that indicates adequate power is available for 
processing. 

Keyboard 

The keyboard has a permanently attached cable that connects to 
a DIN connector at the rear of the system unit. The keyboard 
assembly incorporates a microprocessor to perform the keyboard 
scan function and a power-on self test. It is a typewriter styled 
keyboard with full screen editing and cursor control keys. There 
are ten user definable function keys and a numeric keypad. The 
keypad assembly can be adjusted to a 5 or 15 degree tilt for 
operator comfort. 

Fixed Disk Drive 

The 10MB Fixed Disk drive is a random access storage device 
that uses two non-removable 5 1/4" disks for storage. It interfaces 
to the system board via the fixed disk drive adapter which is 
factory installed in one long slot on the system board. The total 
formatted capacity is lOM bytes (17 sectors per track with 512 
bytes per sector and a total of 1224 tracks). 

An impact-resistant enclosure provides mechanical and contami¬ 
nation protection for the heads, actuator and disks. A self contained 
air recirculating system, which consists of an internal filter and 
a breather filter, maintains a clean air environment. Thermal 
isolation of the stepper and spindle motor assemblies from the 
disk enclosure results in a very low temperature rise within the 
enclosure. This isolation provides a greater off track margin and 
the ability to perform read and write operations immediately 
after power-up with no thermal stabilization delay. 

Floppy Diskette Drive 

The 5 1/4" Diskette Drive utilizes double-sided double density 
soft-sectored diskettes with 40 tracks per side. The diskette 
drive itself is a self-contained unit consisting of a spindle drive 
system, a head-positioning system and a read/write/erase system. 
The diskette drive uses Modified Frequency Modulation (MFM) 
to read and write digital data. It interfaces to the system board 
via the diskette drive adapter card which is factory installed in 
one of the long system slots located on the system board. 

Color/Graphics Display Adapter 

The Color/Graphics Display Adapter Card is designed to interface 
the system unit with the MACSYM 120’s Industrial Color Display. 
It is capable of operating with monochrome or color displays 
and provides three video interfaces: a composite-video port, a 
direct drive port (RGB), and a connection interface for driving a 
user supplied RF modulator. The adapter has two basic modes 
of operation: alpha-numeric (A/N) and all-points-addressable 
(APA) graphics. 

In the A/N mode, the display is operated under CCP/M-86 in 
an 80 column by 25 row format for use with high resolution 
monitors. 

In the APA mode, there are two resolutions available: a medium 
resolution color graphics mode (320 x 200) and a high resolution 
monochrome graphics mode (640 x 200). In the medium-reso¬ 
lution mode each pixel takes on one of four colors. The background 
color is fixed as black. The remaining three colors come from 
one of the two program selectable color palletes. 

The color/graphics adapter card is factory installed in a long slot 
on the system board. The direct drive video port is a 9-pin, D 
shell female connector. The composite video port is a standard 
female phono jack. 
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Combinatioii Adapter Card 

The Combination Adapter Card is factory installed in a short 
system slot. It has the following four functions: 

• Serial Asynchronous Communication 

• Parallel Printer Port 

• Battery Backed-Up Real Time Clock 

• Thermal Warning System 

The Serial Asynchronous Communication port is fully pro¬ 
grammable and supports asynchronous communications. The 
hardware will add and remove start, stop and parity bits. A 
programmable baud rate generator settable by a CCP/M-86 
operating system utility, allows operation from 50 to 9.600 baud. 
The operating system also controls transmit, receive, modem 
control, and error conditions via interrupts. Diagnostic capabilities 
accessible from assembly language provide loop-back functions 
of transmit/receive and input/output signals. The following 
modem control signals are supported by the implementation of 
the operating system: CTS, RTS, DSR and DTR. 

The parallel printer port is specifically designed to attach printers 
with a parallel port interface, but it can also be used as a general 
output port for any device that matches its capabilities. 

When this port is used to attach a printer, data or printer commands 
are loaded into an 8-bit latched output port, and the strobe line 
is activated writing data to the printer. The operating system 
automatically checks printer status indicating when the next 
character can be written. 

The thermal warning system monitors internal system temperature 
as a means of notifying the operator of a clogged filter, failed 
fan or excessive operating temperature. The operating system 


SYSTEM UNIT 



automatically displays the warning condition on line 25 of the 
system monitor. A status bit representing the same information 
is also accessible from a user program on a polled basis. 

The real-time clock is a 24-hour battery backed-up calendar 
clock. It is also supported by the system software which can be 
set to read day, date and time. 

Below is a system block diagram of the MACSYM 120 Industrial 
Workstation System Unit. 

SYSTEM EXPANSION OPTIONS 

The MACSYM 120 Workstation can be expanded by adding a 
number of options. A family of peripherals including printers, a 
color plotter and monitor are available. Installation of the Series 
120 measurement and control I/O products makes the MACSYM 
120 a workstation based measurement and control system. System 
I/O options such as memory and communications hardware may 
also be installed based on your application requirements. 

The MACSYM 120 can also be.expanded to work with the 
|xMAC and MACSYM family of I/O interface and programmable 
measurement and control units. The MACSYM 121 configuration 
of the workstation incorporates support for high speed com¬ 
munications to the MACSYM 200 family of measurement and 
control units. MCComm products allow the MACSYM 120 to 
be utilized with all of the Analog Devices measurement and 
control unit products as well as communicate easily with other 
popular computers. 

SYSTEM OPTION RESOURCE REQUIREMENTS 
DMA 


Product 

Card 

Size 

Channel 

Req'd 

Interrupt 

Req'd 

Comments 

MIO120: 
analog and 
digital I/O 

Long 

Optional 

Optional 

Interrupt and 
DMA required 
to utilize 

SCAN, or 
COLLECT 





statements 

AOT120: 

analog 

output 

Long 

NO 

NO 


DIO120 
digital I/O 

Short 

NO 

Optional 

Interrupt re¬ 
quired if using 
ACT ON EVENT 





statement. 

MEM 120- 
010,1,2: 
RAM exp. 

Short 

NO 

NO 


MEM 120- 
020,1,2: 
RAM and 
comm. exp. 

Long 

NO 

YES 

Serial port 
must use one 
interrupt; 
parallel 
port does not 
use interrupt. 


Table III. 


Figure 1. 
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MACSYM 120 TECHNICAL DATA 
Standard System Unit 

• Intel 8088 microprocessor, 4.77MHz clock speed 

• Intel 8087 math coprocessor 

• 256KB RAM with memory parity checking 

o 2S0ns memory access time, 410ns memory cycle time , 

• Operating system: 

- Digital Research CCP/M-86 with additions to support 
Analog Devices measurement and control I/O products and 
graphics 

~ Support for 4 virtual consoles with windows. 

- Occupies 145KB of RAM 

- File ^mpatibility with PC DOS 

• Measurement and control language: 

- Analog Devices MACBASIC 

- Real time 

- Multitasking 

- Integral I/O keywords 

- High speed, high resolution graphics 

• 130 watt power supply 

• Cooling fan with replaceable filter 

• Dual sided 5 1/4" diskette drive and adapter card, 48tpi, 40 
tracks per side, 360K bytes formatted storage, 6 millisecond 
track-to-track access. 

• 10MB Winchester disk drive and adapter card with 11-bit 
burst error detection and correction in the form of 32-bit 
error checking and correction. 

• Combination adapter card with thermal sensor input, 10-year 
battery-backed calendar clock, serial asynchronous communi¬ 
cation port with RS232C/20mA current loop, and parallel 
interface port 

• Color/graphics display adapter 

- Medium Resolution: 320 x 200, 4 colors 

- High Resolution: 640 x 200, monochrome 

- Text Mode: 80 colmnns x 25 rows 

• System unit dimensions: 

- Width 19.5" (496mm) 

- Depth 17.9" (455mm) 

- Height 6" (152mm) 

• System unit weight: 

Approximately 39 pounds (17.7kg) without keyboard 

• Electrical: 

- AC operating voltages: 104 minimum to 127 maximum, 
57Hz to 63Hz 

- Transients: ± 2500 volts maximum with 16 microsecond 
nominal pulse width 

• Temperature: 

- Operating: 39.2 degrees to 115 degrees F 

(4 degrees to 46.1 degrees C) 

- Storage: 39.2 degrees to 125 degrees F 

(4 degrees to 51.7 degrees C) 

• Particulate contaminants: 

- Suspended particulates: 500 micrograms per cubic meter 

- Benzene soluble organics: 30 micrograms per cubic meter 

- Settleable particulates: 1500 micrograms per square 
centimeter 

• Shock: 

- 0.5G at 10 millisecond interval 


• Vibration: 

- 5Hz to 17Hz at 0.005 inches double amplitude 
displacement 

- 17Hz to 200Hz at 0.07G peak 

- 200Hz to 500Hz at 0.036G peak 

• Keyboard: 83 keys, 182.88cm (6 ft.) coiled cable, 5 and 15 
degree tilt positions, standard typewriter keyboard layout, 10 
function keys, 15 key numeric/screen editing keypad, 6.5 
pounds (2.9kg) 

MACSYM 120 WORKSTATION PERIPHERAL OPTIONS 

• 13" diagonal, 16 color industrial display: 

- Protective screen cover 

•> Direct drive connects to color/graphics monitor adapter 
card 

~ Cooling fan with replaceable filter 

- Height: 297mm (11.7 in) 

- Length: 392mm (15.4 in) 

- Depth: 407nmi (15.6 in) 

- Weight: 12.3kg (27 lb) 

- Heat output: 240 BTU/HR 

- Power cable: 1,83m (6 ft.) 

- Signal cable: 1.5m (5 ft.) 

• 80/132 column dot matrix printers 

• Interactive X-Y plotter, 8 colors 

Measurement and Control I/O Options (see the Series 120 
Data Sheet for detailed specifications) 

• MIO120: Multifunction measurement and control I/O 

- 32 single ended/16 differential 12-bit analog inputs 
-- 2, 12-bit analog outputs 

~ 8 digital inputs, 8 digital outputs 

- Installs in one long slot 

• AOT120: Analog output card 

- 4 or 8 analog output channels 

- 12-bit resolution 

- 4 selectable output ranges 

- Installs in one long slot 

• DIO 120: digital input and output card 

- 24 channels selectable in 8 channel groups as input 
or output 

- Integral change of state detection for activating a system 
interrupt 

> Installs in a long or short slot 
System I/O Options 

• MEM120-010,011,012: Memory expansion card for expanding 
system memory to the 640KB maximum 

~ Adds up to 384KB to the 256KB in the standard system 
imit 

- Installs in a short or long slot 

• MEM 120-020,021,022: Multifunction memory/communications 
expansion card 

- Adds up to 384KB to the 256KB in the standard system 
unit 

- One parallel printer port 

- One serial asynchronous communications port, RS-232-C; 
same features as the Combination Adapter Card 

- Installs in one long slot 
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ANALOG 

DEVICES 


Programmable 
Measurement and Control Unit 



FEATURES 

Used with a MACSYM® Workstation, or IBM PC 
16 Slots for ADIO Cards for up to: 

512 Single Ended Analog Inputs, or 
256 Differential Analog Inputs, or 
256 Digital I/O Points, or 
64 Analog Outputs 
Versatile Data Acquisition: 

33,000 12-Bit Samples/Second COLLECT 
7,000 Samples/Second SCAN 
Noise immune 16-bit Sampling 
220 Samples/Second from Multiple Relay Cards 
AVeraGe and Frequency INput 
Commands 

MACBASIC^ - A Real-Time Multitasking BASIC 
which is both Interactive and Compiled for Ease of 
Program Development and Fast Execution 
Local Limit Checking, Data Analysis and Statistical 
Report Generation to Offload Workstation 
Processor 

Local Process Control Without Additional Host 
Communication 

8088/8087 Math Co-Processor Architecture for High 
Speed Floating Point Operations 
Up to 512K Bytes RAM with Parity Checking 
Communication to Workstation at 307K baud 
RS-232 Port for Local Printer, Terminal, or Local 
Operator Terminal 

Watchdog Timer to Monitor Unit Operation 


GENERAL DESCRIPTION 

The MACSYM 250 is a Programmable Measurement and Control 
Unit used with the MACSYM 121 or 150 Workstations or the 
IBM Personal Computer with an ADI Compatibility Kit. It 
provides 16 slots for ADIO (Analog/Digital Input/Output) cards. 
The MACSYM 250 features 12-bit high speed or 16-bit high 
resolution data acquisition, automatic self-calibration, and up to 
512K bytes of RAM. 

MACBASIC, a compiled, real-time multitasking BASIC, is the 
programming language for both the MACSYM 250 and Work¬ 
station. Thus the MACSYM 250 can implement measurement 
and control strategies locally. Used with a Workstation, this 
provides distributed processing. The MACSYM 250 acquires 
data, checks limits, analyzes data, develops control outputs, 
generates statistics, and reports results to the workstation. The 
workstation provides operator interface, manages disk storage, 
generates screen graphics, and runs other programs under Con¬ 
current CP/M-86*. 

The MACSYM 250 is optimized for measurement and control. 
For high speed floating point operations, it has 8088/8087 
microprocessor/math co-processor architecture. Its RAM supports 
the multitasking scheduler, MACBASIC, the application program, 
and variable data space. 

Real-world data is acquired and control outputs are sent through 
ADIO cards which are plugged into the 16 slots of the MACSYM 
250. The ADIO bus carries signals to and from the cards and 
the I/O Interface. The I/O Interface converts analog data to 


MACSYM is a registered trademark of Analog Devices, Inc. 
MACBASIC is a trademark of Analog Devices, Inc. 
*CP/M-86 is a registered trademark of Digital Research, Inc. 


This four-page data summary contains key specifications to speed your selec¬ 
tion of the proper solution for your application. Additional information on this 
product can be obtained from your local sales office. 
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SPECIFICATIONS 


(Typical at 25X unless ottieiwise specified) 


COMPUTER 


CPU 

8088/8087 

Processor/Math Co-Processor 

Clock Rate 

5MHz 

RAM Memory 

256K B 3 Tte Standard 
(512K B 5 rte Optional) 

System Memory 
Requirement 

IlOK Bytes 

Diagnostic and 
Boot-Up PROM 

16KByte 

(Not User Accessible) 

Communications 

PortO 

RS-422 Seri^ Synchronous 
at 307.2K Baud to Work 

Station (Up to 3.8 Volts 
Common-Mode Differential) 

Port 1 

RS-232 Serial Asynchronous 
50,75,110,134.5,150,300, 

600,1200,1800,2000,2400, 
3600,4800,7200,9600 or 19,200 
Baud (Switch Selectable) 

Local Operator 
Terminal Power 

5 Volts at 500mA 


Watchdog Timeout Period 3 Seconds 


A/D CONVERTER FUNCTION 
12-Bit Successive 
Approximation Mode 
Accuracy^ ± 0.024% 

Resolution 0.024% 


Speed 


33,000 Samples/Sec Burst Mode 


16-Bit Resolution 
Integrating Mode 
Accuracy^ 
Resolution 
Normal Mode 
Rejection 
Speed 


±0.024% 

0.0015% 

50dB additive to ADIO card 

16.6ms/Conversion 
(60Hz Systems) 

20. Oms/Conversion 
(50Hz Systems) 


CALIBRATION Self-Calibration 

Minimizes Errors Over 
Changing Environmental 
Conditions 


TEMPERATURE COEFFICIENTS^’^ 

Offset TC ±15|xV/X 


PHYSICAL SPECIFICATIONS 
Size 


Weight 

Shipping Weight 
I/O Slots 

Environmental 
Operating Temperature 
Relative Humidity 


8.0Hxl7.5Wx25.5DInch 

(20Hx45Wx65DCM) 

50 lbs. (23kg) with 16 

60 lbs. (27kg) ADIO cards 

16-Slots for ADIO Cards 

32°F-122°F;0-50"C 
5-95% Noncondensing 


POWER AVAILABLE FOR ADIO CARDS 


+ 5 Volts 
+ 15Volts 
-15 Volts 

INPUT POWER 
Voltage 

Voltage Tolerance 

Frequency 

Power Consumption 


10 Amps 
2.4 Amps 
2.4 Amps 

100/120 or 220/240 VAC 
-20% to+ 10% 
47Hzto63Hz 

150 Watts without ADIO 
400 Watts max 


NOTES 

*Does not include ADIO Card Specifications. 
^Assumes periodic auto calibration. 
Specifications subject to change without notice. 


GainTC ±3ppni/®C 
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digital form, delivers data to and receives it from the micropro¬ 
cessor bus. Acquired data may be used immediately in a running 
program, or accumulated for future use. 

High-speed data and program communication is provided to 
MACSYM Workstations over a 307k baud link. A second com¬ 
munication port is available for a local terminal, printer, or 
other RS-232 device. 

MACBASIC 

Both the workstation and MACSYM 250 are programmed in 
MACBASIC. Each has the capability to run up to 18 tasks 
concurrently. As a result, the MACSYM 250 can effectively 
execute many tasks at once, providing real-time measurement 
and control. 

The MACBASIC commands implemented in the MACSYM 250 
support ADIO activity, computation, and communication. Since 
mass storage, screen graphics, and IEEE-488 communications 
are performed through the Workstation, those supporting MAC- 
BASIC commands appear only there. The MACSYM 250 can 
access a disk file and display tabular data on the screen through 
a cooperating Workstation program. 

PROGRAM SEGMENT EXAMPLE 

A small segment from a MACBASIC application program illus¬ 
trates the distributed control achieved with a Workstation and 
MACSYM 250. This program scans 256 real world points and 
compares them to a pre-set hmit value. Values higher than the 
limit will be sent to the Workstation for future processing, 
minimizing communication and freeing the Workstation for 
higher level functions. 

MACSYM 250 PROGRAM DESCRIPTION 

10 TASK 3,100 ACT 3 

100 OPENW: 2" $BOX:0,5" Prepare to send data through 

software channel 2 to the 
workstation (box 0), 
active task 5 


110 SCAN (SPEC’(1), 256) Acquire data from all 256 

INTO DATA (1) Analog Input points 

120 FOR INDEX = 1 TO 256 For aU points 

130 IF DATA (INDEX) < LIMIT Check to see if their value is 
GO TO 150 greater than a limit, if so, 

140 PRINT: 2 INDEX, DATA report to Workstation 

(INDEX) 

150 NEXT INDEX 

160 CLOSE:2 Complete this segment 

WORKSTATION PROGRAM DESCRIPTION 

30 TASK 5,510 ACT 5 

510 OPENR: 4" $BOX: 1,3" Prepare to receive data 

through software channel 4 
fromBoxl,task3 

520 INPUT: 4 SAMPLE, VALUE The task looks for data from 

the MACSYM 250. If there 
is none, it suspends. 

530 GOSUB 1000 REM Processes and develops 

EXCEPTION HANDLER displays 

540 GO TO 520 Return to await more data 

Enhancements to this program are easily added to check both 
high and low limits. Each point can be checked against limits 
specific to that point by defining arrays of limits. 

MULTITASKING SCHEDULER 

The MACSYM 250 has an executive which performs the operating 
system functions required by the MACSYM 250, while remaining 
transparent to the user. It keeps track of all the things to be 
done, and arranges for them to happen in an orderly fashion. 
This multitasking scheduler has been optimized for efficiency in 
the MACSYM 250 environment. It activates and suspends MAC- 
BASIC tasks based upon the function performed by the task, as 
well as other tasks waiting to be processed. It also supervises 
input/output functions. 


MACSYM 250 BLOCK DIAGRAM 


ANALOG DIGITAL DIGITAL ANALOG 

INPUTS INPUTS OUTPUTS OUTPUTS 



COMPUTER (WITH MCComm) 
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ADIO CARDS 

Real-world signal interfacing is accomplished through the ADIO 
family of over 30 (Analog/Digital Input/Output) cards. They 
provide all the signal conditioning necessary for connection 
directly to voltages, currents, frequencies, thermocouples, strain 
gages, flow meters, relays, tachometers, valves, alarms, controllers, 
and other devices. Calibrated excitations, input protection, 
isolation, multiplexing, amplification, and other required pre¬ 
conditioning are supplied by the ADIO cards. Sensors and 
actuators are connected to ADIO cards with convenient screw 
terminals on a separate panel. 

The ADIO library includes solid state and relay multiplexer 
cards for analog inputs. Cards specifically for thermocouples, 
RTDs and strain gages are also available. Analog output cards 
have both voltage and current loop drive capability. Digital 
inputs and outputs are available on several cards, with either 
solid state or relay switching. Other cards include a calendar/clock, 
frequency measurement, pulse counting, and generation of 
priority interrupts. The dual loop PID control card functions 
independently of other system activity. Refer to the ADIO data 
sheets for additional details. 

MACSYM 250 ARCHITECTURE 

Tracing a typical analog input signal flow into the MACSYM 
250 is one way to gain an appreciation for the strength of its 
design. An ADIO card is chosen for the particular measurement 
or control activity. Then the signal is multiplexed onto the 
ADIO bus. Shielding on the ADIO bus separates these signals 
from high speed digital signals and other noise sources within 
the MACSYM 250. The ADIO bus carries these signals to the 
central analog I/O Interface of the CPU board. Here a multiplexer 
selects the input signal from the card of interest. Final amplification 
through a programmable gain amplifier scales the signal into a 
± 10 volt range. Then a sample and hold amplifier captures the 


signal for conversion by the analog to digital converter. This 
digital representation is stored in memory. 

The 8088 and 8087 work together to achieve rapid program 
execution with high accuracy. Program logic steps are executed 
by the 8088, while arithmetic (+,-,/, x ) and transcendental 
operations (sine, cosine, log) are performed by the 8087. The 
computational power available is illustrated by the rapid execution 
speed of some representative MACBASIC operations. A 32-bit 
floating point multiply or divide (X = A * B or X = A/B) is 
completed in less than 290 microseconds. 

DUAL MODE A/D CONVERTER 

Two modes of analog-to-digital conversion are selectable under 
program control in the MACSYM 250. High speed 12-bit con¬ 
versions use the successive approximation technique. In addition, 
a statistical integration process may be used with the AIN command 
to achieve 16-bit resolution. High levels of noise immunity, and 
line frequency normal mode rejection result from this process. 

AUTO CALIBRATION 

The MACSYM 250 automatically calibrates its data acquisition 
section when it is powered up, and after an initial temperature 
stablization period of 15 minutes. Subsequent calibrations may 
be initiated at any time, under program control. Accurate system 
performance over long periods of time and changing environmental 
conditions is ensured by the calibration process employed in the 
MACSYM 250. 

Calibration is accomplished by applying known, accurate reference 
voltages to the A/D converter’s analog input. A/D conversions 
are performed, and each result is compared with the expected 
value for that particular input. Automatic adjustments are made 
until the A/D conversion results match expected values. When 
this occurs, calibration is complete. 
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ANALOG 

DEVICES 


Programmable 
Measurement and Control Unit 


MACSYM 260 



FEATURES 

16-Slots for ADIO Cards-for Up to 
512 Single Ended Analog Inputs or 
256 Differential Analog Inputs or 
256 Digital I/O Points or 
64 Analog Outputs 

Versatile, High Performance Data Acquisition 
33,000 12-Bit Samples Per Second (Single Channel 
Burst) 

7000 Samples per Second (Multiple Channels) 

Noise Immune 16-Bit Sampling 
Up to 220 Samples/Second from Multiple Relay 
Cards 

SCAN, COLLECT, AVG and Frequency Input 
Commands 

MACBASIC^ > A Real-Time Multitasking BASIC 
Which is Both Interactive and Compiled for Ease 
of Program Development and Fast Execution 
8088/8087 Math Co-Processor Architecture for 
High Speed Floating Point Operations 
Locai Limit Checking, Data Anaiysis, and Statistical 
Report Generation to Offload Workstation 
Program Development with a MACSYM® Work¬ 
station or Uses Programs Developed on a 
MACSYM 250 

Up to 512K Bytes RAM with Parity Checking, for Large 
Data Handling Capacity 

Runs Programs from PROM for Nonvoiatiie Program 
Storage and Automatic Operation on Power Up 
Up to 384K Bytes PROM for System and 
Application Programs 


Rugged Metal Construction for Industrial 
Environments 

60X Operating Temperature 
Ali Assemblies Accessible from the Front 
Diagnostic Indicator Lights 
Stand-Alone or Distributed Control 
Three RS-232 Ports for Local Printers, Terminals, 
Communication with Non-ADI Computer, or Other 
Control Units 

Isolated 20mA Communications on 2 Ports 
System Monitor to Verify Unit Operation 
Monitors Internal Supply Voltages and Temperature to 
Facilitate Maintenance 
Automatic Power-Up Diagnostics 
Keylock Security 

GENERAL DESCRIPTION 

The MACSYM 260 is an industrial Programmable Measurement 
and Control Unit which may be used as a stand-alone controller; 
with a MACSYM Workstation; IBM^ Personal Computer with 
an ADI compatibility kit; or any popular computer. It provides 
16 slots for ADIO (Analog/Digital Input/Output) cards. These 
accommodate up to 512 single ended or 256 differential analog 
inputs; or 256 digital I/O points; or up to 64 analog outputs. 
The MACSYM 260 features 12-bit high speed or 16-bit high 
resolution data acquisition, automatic self-calibration, up to 
384K of PROM, and up to 512K bytes of RAM. 

MACS ASIC is a trademark of Analog Devices, Inc. 

MACSYM is a registered trademark of Analog Devices, Inc. 

*IBM is a trademark of International Business Machines 
Corporation. 


This six-page data summary contains key specifications to speed your selec¬ 
tion of the proper solution for your application. Additional information on this 
product can be obtained from your local sales office. 
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(Typical at 25X unless otheiwlse specified) 


COMPUTER PHYSICAL SPECIFICATIONS 


CPU 

8088/8087 

Processor/Math Co-Processor 

Size 

20Hxl8Wxl6DInch 

51Hx45Wx41DCM 

Clock Rate 

5MHz 

Weight 

65 lbs. (30kg) with 16 

RAM Memory 

256K Byte Standard 

Shipping Weight 

80 lbs. (36kg) ADIO CARDS 


(512K Byte Optional) 

I/O Slots 

16-Slots for ADIO Cards 

PROM 

12 Sockets for 32K x 8 Chips 

ENVIRONMENTAL 



(384K)orl6K x 8 Chips 

Operating Temperature 

0-60‘’C 


(192K) 


32"F-140°F 

System Memory 


Relative Humidity 

5%-95% Noncondensing 

Requirement 

150K Bytes 

INPUT POWER 


Diagnostic and 

16K Bytes (Not User 

Voltage 

100/120 or 220/240Vac 

Boot-Up PROM 

Accessible) 

Voltage T olerance 

-20% to+10% 

Communicatipns 

PortO 

RS-422at307.2KBaudto 

Frequency 

47Hzto63Hz 


Workstation (Nonisolated, 
for Program Development 
only) 

Power Consumption 

NOTES 

150 Watts without ADIO 

450 Watts max 

Port 1 

RS-232 

50,75,110,134.5,150,300, 

'Does not include ADIO Card Specifications. 

^Assumes periodic auto calibration. 

Local Operator 

Terminal Power 

600,1200,1800,2000,2400, 
3600,4800,7200,9600,19,200 
Baud (Switch Selectable) 

5 Volts at 500mA min 

Specifications subject to change without notice. 


Port2&3 


Watchdog Timeout Period 


RS-232 Serial Asynchronous 
ASCII or Isolated 20mA 
Current Loop 
150,300,600,1200,2400, 
4800,9600 or 19,200 Baud 
(Switch Selectable) 

3 Seconds 


A/D CONVERTER FUNCTION 


12-Bit Successive 
Approximation Mode 
Accuracy^ 
Resolution 
Speed 


±0.024% 

0.024% 

33,000 Samples/Sec Burst Mode 


16-Bit Resolution 
Integrating Mode 
Accuracy* 

Resolution 

Normal Mode Rejection 
Speed 


±0.024% 

0.0015% 

50dB Additive to 
ADIOCard 
16.6 (xs Conversion 
(60Hz Systems) 
20.0|jls Conversion 
(50Hz Systems) 


CALIBRATION Self-Calibration 

Minimizes Errors Over 
Changing Environmental 
Conditions 


TEMPERATURE COEFFICIENTS * 
Offset TC ±15jxV/°C 


Gain TC 3ppm/°C 
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Distributed processing can be implemented with another com¬ 
puter. Either RS-232 or isolated 20mA current loop communication 
can be used. Protocols may be defined by MCComm, or custom 
communications protocols may be developed. 

In a typical distributed application, the MACSYM 260 acquires 
data, checks limits, analyzes data, develops control outputs, 
generates statistics, and may report results to another computer. 
That computer manages mass storage, and may send supervisory 
control messages, or parameter changes to the MACSYM 260. 
Operator interface is accomplished through a Workstation, 
video display terminal, or other local terminal device. 

In stand-alone control applications, MACSYM 260 programs are 
stored in nonvolatile PROM. Operators may interact with the 
unit through a local terminal. Reports can be sent to a printer 
through a local serial port. 

The MACSYM 260 is optimized for measurement and control. 
For high speed floating point math operations it has 8088/8087 
microprocessor/math coprocessor architecture. Up to 512K 
bytes of RAM is available. The multitasking scheduler and 
MACBASIC require about 150K bytes. Alternatively, the 
scheduler and MACBASIC can be programmed in PROM, for 
nonvolatile storage. For stand-alone operation, a debugged ap¬ 
plication program can also be programmed into PROM and 
installed in the MACSYM 260. This frees over lOOK bytes of 
RAM for additional variable data space. 

Real-world data is acquired, and control outputs are sent through 
ADIO cards which are plugged into the 16 slots of the MACSYM 
260. The ADIO bus carries signals to and from the cards and 
the I/O Interface. This I/O Interface converts analog data to 
digital form, and passes data to and from the processor bus. 
Acquired data can be used immediately in a running program, 
or accumulated for future use. 

Communication for program development is provided to and 
from Workstations over a 307K baud RS-422 link. Three additional 
communication ports for local printers, terminals, and communica¬ 
tion to another computer are included on the MACSYM 260. 
Both RS-232 and 20mA current loop capability are provided. 

MACBASIC 

The MACSYM 260 is programmed in MACBASIC. It has the 
capability to run up to 18 tasks concurrently. As a result, the 
MACSYM 260 can effectively execute many tasks at once, pro¬ 
viding real time measurement and control. 

The subset of MACBASIC which is implemented in the MACSYM 
260 includes commands for ADIO activity, computation and 
communication, such as ACTIVATE ON EVENT, ALERT, 
SUSPEND, CHATR, POLY, and OPEN for Read or Write. 
MACBASIC in the MACSYM 260 works together with MAC- 
BASIC on the Workstation, where screen graphics and mass 
storage commands appear. Software developed for the MACSYM 
250 can be executed on the MACSYM 260. The two units use 


the same commands, except that directed I/O to ports 2 and 3, 
and return of a high internal temperature indication are not 
supported by MACSYM 250. 

PROGRAM SEGMENT EXAMPLE 

A small segment from a MACBASIC application program will 
illustrate the power it brings to measurement and control problems. 
As a positipn sensor moves across a surface, its location is regis¬ 
tered. Points out of specification are displayed on a terminal, 
and the mean of the sampled data is calculated and displayed. 


MACSYM 260 PROGRAM 

DESCRIPTION 

310 

OPENW:3“$QTO:r’ 

Open port # 1 for com¬ 
munication with a local 
operator interface terminal. 

320 

COLLECT (7,1,1,1000) 

Collect 1000 data points 


INTO DATA (1) 

from slot #7, channel # 1, at 
a gain of 1, into an array with 
index starting at 1. 

330 

SUM = 0 

Initialize the variable SUM 
toO. 

340 

FOR INDEX = 1 to 1000 

Over all points 
COLLECTED. 

350 

SUM = SUM + DATA 
(INDEX) 

Add up their values. 

360 

IF DATA (INDEX) < LIMIT 

Check for those above a 


GO TO 380 

limit. 

370 

PRINT:3 “POINT#”; 

Display the measurement 


INDEX; “VALUE”; DATA 

number and data value of 


(INDEX) 

any data point greater than 
the limit. 

380 

NEXT INDEX 


390 

MEAN = SUM/1000.0 

Calculate the mean value of 
all sampled points. 

400 

PRINT:3 “MEAN IS”; MEAN 

Display the value of the 
mean. 


Enhancements to this program could easily be added to check 
both high and low limits. Each measurement could be checked 
against limits specific to that point by defining arrays of limits. 


MULTITASKING SCHEDULER 

The MACSYM 260 has an executive which performs the operating 
system functions required by the MACSYM 260. This multitasking 
scheduler has been optimized for efficiency in the MACSYM 
260 environment. It activates and suspends up to 18 MACBASIC 
tasks based upon the function performed by the task, as well as 
other tasks waiting to be processed. Input/output functions are 
also supervised by the multitasking scheduler. 


NEW PRODUCTS - Modules & Subsystems 4-29 




PROM BASED SYSTEMS 

The standard MACSYM 260 is shipped with 256K RAM and 
12 socketed ROM locations to accommodate up to 384K of 
PROM in 32K x 8-bit chips. 16K x 8 chips can be used for 
up to 192K bytes. When a MACBASIC program has been de¬ 
veloped and debugged, it may be burned into PROM with 
commercially available programmers, and installed in the 
MACSYM 260. From that time onward, the MACSYM 260 can 
operate in a stand-alone mode. When stand-alone operation is 
desired, applying line power to the MACSYM 260 will initiate 
program operation. 

ADIO CARDS 

Real-world signal interfacing is accomplished through the ADIO 
family of over 30 (Analog/Digital Input/Output) cards. They 
provide all the signal conditioning necessary for connection 
directly to voltages, currents, frequencies, thermocouples, strain 
gages, flow meters, relays, tachometers, valves, alarms, controllers, 
and other devices. Calibrated excitations, input protection, 
isolation, multiplexing, ampliflcation, and other required pre¬ 
conditioning are supplied by ADIO cards. Sensors and actuators 
are connected to ADIO Cards with convenient screw terminals 
on a separate panel. 

The ADIO library includes solid state and relay multiplexer 
cards for analog inputs. Cards specifically for thermocouples, 
RTDs and strain gages are also available. Analog output cards 
have both voltage and current loop drive capability. Digital 
inputs and outputs are available on several cards, with either 
solid state or relay switching. Other cards include a calendar 
clock function, frequency measurement, pulse counting and 
generation of priority interrupts. The dual loop PID control 
card functions independently of other system activity. Refer to 
the ADIO data sheets for additional details. 


MACSYM 260 ARCHITECTURE 

Tracing a typical analog input signal flow into the MACSYM 
260 is one way to gain an appreciation for the strength of its 
design. An ADIO card is chosen to provide the necessary signal 
conditioning for the particular measurement. Then the signal is 
multiplexed onto the ADIO bus. Shielding on the ADIO bus 
separates these signals from high speed digital signals and other 
noise sources within the MACSYM 260. The ADIO bus carries 
these signals to and from the central analog I/O Interface of the 
CPU board. Here a multiplexer selects the input signal from the 
card of interest. Final amplification through a programmable 
gain amplifier scales the signal into a ± 10 volt range. Then a 
sample and hold amplifier captures the signal for conversion by 
the analog to digital converter. This digital representation is 
now available to the processor bus. 

The 8088 and 8087 work together to achieve rapid program 
execution with high accuracy. Program logic steps are executed 
by the 8088, while arithmetic ( + x) and transcendental 

operations (sine, cosine, log) are performed by the 8087. The 
computational power available is illustrated by the rapid execution 
time of some representative MACBASIC operations. A 32-bit 
floating point multiply or divide (X = A * B or X = A/B) is 
completed in less than 290 microseconds. 

DUAL MODE AD CONVERTER 

Two modes of analog to digital conversion are selectable imder 
program control in the MACSYM 260. High speed 12-bit con¬ 
versions use the successive approximation technique. In addition, 
a statistical integration process may be used with the AIN command 
to achieve 16-bit resolution. High levels of noise immunity, and 
line frequency normal mode rejection result from this process. 


MACSYM 260 BLOCK DIAGRAM 


ANALOG DIGITAL DIGITAL ANALOG 

INPUTS INPUTS OUTPUTS OUTPUTS 




TO TERMINAL 
PRINTER 

COMPUTER (WITH MCCom) 
MACSYM WORKSTATION 
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AUTO CALIBRATION 

Accurate system performance over long periods of time and 
changing environmental conditions is ensured by the calibration 
process employed in the MACSYM 260. The MACSYM 260 
automatically calibrates its data acquisition section when it is 
powered up, and after an initial temperature stablization period 
of 15 minutes. Subsequent calibrations may be initiated at any 
time, under program control. 

Calibration is accomplished by applying known, accurate reference 
voltages to the A/D converter’s analog input. A/D conversions 
are performed, and each result is compared with the expected 
value for that particular input. Automatic adjustments are made 
until the A/D conversion results match expected values. When 
this occurs, calibration is complete. 

ANALOG DATA ACQUISITION 

Several modes of data acquisition are available in the MACSYM 
260. COLLECT takes multiple readings from a single channel 
at a selected frequency. SCAN performs an analog input from 
selected channels and slots, with all gains and the order of sampling 
set up in advance. AIN returns a single analog input value of a 
single channel. While many additional modes are available, 
discussing these three modes gives information representative of 
MACSYM 260 performance. 

A program in the MACSYM 260 may COLLECT measurements 
from a single channel at a rate of 33,000 samples per second, 


and load them into memory. Sampling multiple solid state channels 
is accomplished with a SCAN command, which can acquire an 
array of up to 16,000 data elements from one to 256 differential 
channels at a rate up to 7000 samples per second. 

Individual analog inputs may be acquired with a command of 
the form “X = AIN (Slot, Channel, Gain). Response from solid 
state cards such as AIM03 and TICOl is very rapid, so that 
when multiple AIN’s are performed, data is loaded into memory 
at a rate above 800 samples per second. 

Relay-based cards such as AIM02-XX1 and TIC02-XX1 have a 
slower response time, to allow for such things as contact bounce. 
The typical throughput speed from an individual mercury wetted 
relay card is 75 samples per second. 

The multitasking capability of the MACSYM 260 allows a sig¬ 
nificant speed increase when several relay cards are in use. An 
AIN command in one task is used to initiate sampling from the 
first card. Without waiting for data to be returned, an AIN in 
the next task initiates data acquisition from the second card. 
After all the cards have been started, the first one is revisited to 
complete data acquisition from that card. Thus separate tasks 
are used in parallel to perform data acquisition from several 
slots at once. By setting up 8 two-slot mercury wetted relay 
cards in a fully loaded MACSYM- 260, and then retrieving all 8 
values, approximately 220 samples per second is achieved. Since 
these cards may connect to 240 to 256 individual real world 
points, the revisitation rate is just under once per second. 


COMMUNICATIONS 

For program development, port 0 of the MACSYM 260 com¬ 
municates to the Workstation through a synchronous RS-422 
port running an ADI proprietary protocol at 307.2K baud. The 
high speed communication link has built in error detection and 
recovery capability. Cyclical Redundancy Checking (CRC) error 
detection is performed on each message. If a bit error is detected, 
a retry is initiated. Should the retry fail, an error message is 
given, so the programmer may initiate an alternative recovery 
technique. 

At run time, either RS-232 or 20mA isolated current loop com¬ 
munication may be used. Port 1 uses RS-232 to communicate 
with a terminal, printer, or other RS232 instrumentation. In 
addition, it supplies + 5 volt power for a portable field terminal. 
Ports 2 and 3 support either RS-232 or isolated 20mA current 
loop connections. Rates from 50 to 19.2K baud are switch 
selectable. 

These ports can be applied to several uses. Because some in¬ 
strumentation provides an RS-232 data output, a port could 
bring measurement data into the MACSYM 260. Data, reports 
and statistics could be communicated out of one of these ports 
to a printer, local terminal, or another computer. A port could 
accept parameter changes which would modify the behavior of a 
program, or cause a new recipe to be run. In addition, MACBASIC 
programs can be edited through one of these ports when a con¬ 
figuration switch is set to “field terminal mode.” 


MCComm™ 

Analog Devices MCComm communication software products 
facUitate the use of ports 1, 2 and 3 of the MACSYM 260 when 
those ports are to be used to exchange data with non-ADI com¬ 
puters or Analog Devices Programmable Measurement and 
Control Units. Either RS-232 or isolated 20mA current loop 
hardware can be used. MCComm provides run-time support 
with high level language calls added to MACBASIC. MCComm 
defines a standard host and media independent protocol for all 
communicating devices. Its error checking and retry strategy 
makes the communication reliable. Point to point as well as 
multidrop configurations are supported. 

MCComm also facilitates use of the MACSYM 260 with the 
MACSYM 120, the MACSYM 150 with DSIlOO/101, or IBM 
Personal Computers without a compatability kit. In these cases 
MACBASIC and an application program must be in PROM, 
installed in the MACSYM 260. That is because either RS-232 or 
isolated 20mA current loop communication is used at nm time 
and those communication modes do not support downloading of 
MACBASIC from Workstation mass memory. Interaction with 
the Workstation is similar to interaction with any other computer 
in this configuration. 


MCComm is a trademark of Analog Devices, Inc. 
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PROGRAM DEVELOPMENT 

Program development for the MACSYM 260 is accomplished 
through a Workstation, which may be either a MACSYM 121, 
MACSYM 150, or IBM Computer equipped with an ADI com- 
patability kit. The kit includes MACBASIC and necessary com¬ 
munication and processing hardware to interact with the MACSYM 
260 over the high speed link. Refer to compatibility kit data 
sheets for details. 

When programs are being developed, lines of MACBASIC are 
entered through the Workstation keyboard, used in a virtual 
terminal mode. Virtual terminal capability allows the Workstation 
screen and keyboard to service either the Workstation processor, 
or the MACSYM 260. Switching from one virtual terminal to 
another is accomplished instantly, with two keystrokes. When 
connected to the MACSYM 260, lines of MACBASIC are incre¬ 
mentally compiled by the MACSYM 260 as they are entered at 
the keyboard. Relevant messages are displayed on the screen. In 
this mode, the behavior is similar to a physical terminal directly 
connected to the MACSYM 260. 

Debugging programs is facilitated with virtual terminal operation. 
Full screen editing is supported, so a few characters in a long 
program line can be easily changed. The virtual terminal may 
be instantly switched between the Workstation and MACSYM 
260 to monitor the interactions between two programs running 
simultaneously. 

Through cooperating Workstation programs, the MACSYM 260 
has access to the Workstation’s peripherals. Programs stored in 
the mass memory of the Workstation can be downloaded into 
the MACSYM 260. Programs developed in the MACSYM 260 
can be sent to the Workstation, and stored on disk. The MACSYM 
260 can also print programs or data through a printer connected 
to the Workstation. 

In addition, the MACSYM 260 is software compatible with the 
MACSYM 250. Programs may be developed, and debugged on 
a MACSYM 250, perhaps in a laboratory or pilot plant. Then, 
when the approach is finalized, the program can be burned into 
PROM, and installed in the MACSYM 260 for production use. 

UNATTENDED OPERATION 

When a program has been developed and loaded into PROM, 
the MACSYM 260 supports stand-alone unattended operation. 
When power is applied, program execution begins. A keylock 
prevents an unauthorized reset or shutdown from the front 
panel. 

Distributed unattended operation is also supported. RS232 or 
isolated 20mA communication ports can be used to send reports 
and receive changes in program parameters. Unit status can be 
indicated at a remote location utilizing the system monitor relay. 

INDUSTRIAL PACKAGING 

The MACSYM 260 is built with rugged, heavy gage aluminum 
so it will stand up to the vibration, shock, and handling found 
in many industrial installations. 

Reliable operation is ensured in many ways. Airflow patterns 
were studied to minimize internal hot spots, which are frequently 


an underlying determinant of electronic reliability. Careful at¬ 
tention has also been given to reliable cabling and connections. 
Positive retention of field wiring cable connectors ensures con¬ 
tinuity to ADIO cards. Provisions for cable dressing and strain 
relief are extensive. 

Serviceability considerations are evident throughout the MACSYM 
260. Diagnostic indicators aid troubleshooting. All assemblies 
are accessible from the front. Each major component can be 
removed separately, without disturbing adjacent parts of the 
system. For example, a cable trough routes ADIO field wiring 
cables up above the cards so the cable from one board does not 
interfere with extraction of the next. 

Many human factors aspects of the MACSYM 260 have been 
considered. Fully assembled, the center of gravity is directly 
below the lifting handles for stability. Alternatively, heavy com¬ 
ponents such as the power supply are easily removed to facilitate 
mounting. Filters are easily accessible. Keylock of the on/off/feset 
switch prevents unauthorized use. 

MOUNTING 

The MACSYM 260 can be mounted in several ways. Lugs are 
provided at the rear for wall mounting. Mounting in a NEMA 
enclosure is facilitated because all electronic assemblies are ac¬ 
cessible from the front. A rack mount kit, which provides a 
recessed front panel for cable dressing, is also available. 

FAILURE DETECTION 

The MACSYM 260 employs several modes of failure detection 
to ensure reliable operation, and provide clear indications of 
internal status. When initially powered up, diagnostics are run 
to verify microprocessor functions, and memory integrity. Parity 
bit error detection is employed when memory is accessed during 
nm time. Internal voltage levels are monitored to detect line 
power outages or power supply problems. An improper dc level 
will hold the system reset until proper power is restored, when 
a power-up will occur. Overall operation is monitored with a 
watchdog timer which is periodically updated by the multitasking 
scheduler. Internal Unit temperature is monitored, and made 
available to MACBASIC programs to notify users that an air 
filter needs cleaning. 

External indication of internal status is provided. A green lamp 
indicates that ac power is connected. A green LED shows that 
internal dc power levels are proper. Overall Unit operation is 
indicated with a system monitor light. Should internal temperature 
rise too high, a red “high temp” LED is illuminated. 

Major failures, such as a parity error, or watchdog timeout will 
cause one of three preselected responses. The Unit can reset the 
ADIO cards, setting outputs of all cards except AOC07 and 
PIDOl to zero, and halt; or halt without a reset, not affecting 
output values; or reset and restart the program. In each case, a 
major failure will cause the monitor relay (form C) to change 
state. This can be used with an annunciator to alert the operator, 
or to transfer control to a manual back-up system. 
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ANALOG 

DEVICES 


Measurement and Control 
Communications Software 


MCComm 


FEATURES 

Run-Time Data Exchange Between Devices 
Multidrop Support (Up to 255 Devices) 

Host and Media Independent 
Accessible Using High Level Language Calls 
ASCII Based Protocol 
Reliable Serial Communications 

BENEFITS 
Easy to Use 

Master/Slave Relationship 
Tutorial Documentation 
Reduces Costs 

Saves on Software Development Time 
No Specialized Communications Hardware Required 
Flexible 

Supports Standard 20mA, RS-232C, Modem 
Communications 

Compatible with New ADI System Products 
Reliable 

Proven and Tested 

Data Integrity Met with Checksum and Time-Out 
Routines 

APPLICATIONS 

Distributed Systems - Data Transfer Between Host 
Computer/MACSYM® Workstations and ADFs 
Measurement and Control Units 

Data Logging - On-Line Monitoring of Process Data 
in Slaves 

Supervisory Control - Transmit Set Points, Loop 
Parameters and Function Commands to Slave 
Monitor Alarm and Status of Slave 

Product Test - Transfer Setup Parameters to Slave 
Transfer Test Results to Host 

DESCRIPTION 

MCComm^^ is a series of run-time data communication software 
packages which allow ADI workstations (MACSYM 120, 
MACSYM 150) or other host computers, such as an IBM personal 
computer, to communicate with measurement and control units 
such as the MACSYM 260 and the |xMAC-5000 in a master/slave 
relationship. Capabilites of MCComm include on-line transmission 
of process parameters to host, sending of set points and alarm 
limits to slave, status monitoring. The software uses a simple 
ASCII protocol with a series of callable subroutines to pass data 
between the host and up to 255 slave devices. MCComm acts as 
a communications handler and does not effect the operation of 



the application program. Data in the form of reals, integers and 
strings are passed between devices using global arrays. Data 
integrity is maintained though a checksum routine, character 
parity, automatic retry and time-outs. It is distributed in floppy 
disk or PROM form, depending on the target device. 

SOFTWARE OVERVIEW 

MCComm software is composed of two separate packages: the 
MCComm Master and MCComm Slave. These packages provide 
the necessary run-time data communications between computers/ 
workstations (acting as a master) and ADI’s Distributed Meas¬ 
urement and Control Units (acting as slaves). The packages 
consist of a series of high level callable routines accessed by the 
user’s application program (such as MACBASIC^^ and fxMAC- 
BASIC) and convert the host computer into a master and the 
distributed units into slaves. The following figure illustrates 
how MCComm MACBASIC master and the users application 
program are used. In the Master, the application program calls 
the MCComm routines which supports all communications and 
returns the status and data to the applications program. In the 
Slave, the communication software runs as a background routine 
independent of the application program, responding to the Master’s 
requests for status and data. Data stored in arrays is passed 
between the application program and the MCComm software 
routine. 


MACSYM is a registered trademark of Analog Devices, Inc. 
MCComm and MACBASIC are trademarks of Analog Devices, Inc. 

This four-page data sununary contains key specifications to speed your selec¬ 
tion of the proper solution for your application. Additional information on this 
product can be obtained from your local sales office, 
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MASTER 


SLAVE 



Figure 1. MCComm Master/Slave Communication Scheme 


With the MCComm Master package, the host computer becomes 
a master. It initiates all communication to the slave devices. The 
master may be used to read data from or write data to any of 
the slaves. The master may be used to read on-line measurement 
and control data and write new set points and configurations to 
the slave(s). It may also be used to simply monitor the status of 
the slave devices. 

With the MCComm Slave package, data passed between the 
master and slave is stored in arrays in the memory of the slave. 
These arrays or tables can be used by the application program 
that is running on the slave. The host (or master) is able to 
access the same data through communications calls. Single ele¬ 
ments, as well as groups of data, can be read from or written to 
data arrays which are resident in the slave device. The data 
arrays within the slave are in the form of integers, reals, and 
strings. 

MCComm OPERATION 

MCComm performs communications between a master and one 
or more slave devices by providing software communications 
routines that transfer data over a serial link using a predefined 
protocol. Data transfer is transparent to the user because it is 
done through MCComm routines which are called from the 
user’s application program running in the master. The software 
routines, in turn, use the MCComm communications protocol to 
actually transfer the data. Communication takes place in a com- 
mand/response format with the host always initiating the com¬ 
munications action. 

Data transfer rates vary depending on the host computer used 
and the baud rate selected. 

In Figure 2, we see a typical command/response with the data 
exchange called a packet. In this example, three data values are 
returned to the host in the slave response. When using a host 
running MACBASIC, up to 3 packets of up to 5 data values can 
be exchanged every second. This means that a master can exchange 
data with up to 3 slaves every second. The number of slaves 


which can be polled is dependent on the size of these packets. If 
only one slave is polled, a packet of 20 data values consisting of 
integer or real values can be transferred in one second. 

MCComm COMMANDS 

The MCComm commands determine the type of data that is 
transferred between the master and the slave devices. The 
MCComm Master routine provides six commands to read and 
write the data stored within the slave device as well as a dedicated 
command to read the slave status. These commands allow indi¬ 
vidual data items, as well as groups of data items, to be accessed 
in a single communication exchange. Included below is a listing 
of these commands: 

COMMAND 

CODE COMMAND FUNCTION 

1 Write Integer Data to Slave Array 

2 Write Real Data to Slave Array 

3 Write String Data to Slave Array 

4 Read Integer Data from Slave Array 

5 Read Real Data from Slave Array 

6 Read String Data from Slave Array 

7 Read Status of Slave (see section on Slave Status) 

When the MCComm communication routine is called from the 
user’s application program, data is transferred according to the 
command selected. The following steps are required in the 
Master application program to perform this data transfer. 

1. Initialize the sizes of the integer, real, and string data 
variables. 

2. Select the appropriate COMMAND (1 to 7) for data transfer. 

3. Set up additional parameters (e.g., slave address) in the 
master. 

4. Call the MCComm communications routine. 

When the communication routine is called, data is transferred 
according to the standards of the MCComm communication 
protocol. 



MASTER ASCII SLAVE SLAVE ASCII MASTER 

BUILDS CHARACTERS RECEIVES BUILDS CHARACTER RECEIVES 

COMMAND TRANSMITTED AND RESPONSE TRANSMITTED AND 

PACKET PROCESSES PACKET PROCESSES 

COMMAND RESPONSE 


Figure 2. MCComm Data Exchange 



MASTER ASCII 

BUILDS CHARACTERS 

COMMAND TRANSMITTED 

PACKET 


SLAVE 

RECEIVES 

AND 

PROCESSES 

COMMAND 


SLAVE ASCII 

BUILDS CHARACTERS 

RESPONSE TRANSMITTED 
PACKET 


MASTER 

RECEIVES 

AND 

PROCESSES 

RESPONSE 


Figure 3. MCComm Status Checking Routing 
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SLAVE STATUS 

A variable in the slave stores a user-defined integer value that is 
sent back to the master as part of any slave response. This 
parameter is only used by the user application program and is 
not tested by the conununication routine. This status value can 
be used to flag events in the slave devices that need immediate 
attention by the master. 

In the following example, we are using MACBASIC and have 
predefined the variable SLAVESTAT’ as follows: 

SLAVESTAT’= 0 when the slave is OK. 

SLAVESTAT = 1 ifthe temperature measured by the slave 
is below a limit. 

SLAVESTAT’ = 2 if the temperature measured by the slave 
is above a limit. 

Using the following routine in the MCComm Master application 
program, the slave status value is tested and appropriate action 
taken. 

STATUS EXAMPLE 

900 REM SUBROUTINE TO TEST AND OPERATE ON 
SLAVESTAT’ 

910 IF SLAVESTAT’ = 0 THEN RETURN REM 
EVERYTHING OK 

920 IF SLAVESTAT’ = 1 THEN GO TO 1000 REM 
TEMPLO 

930 IF SLAVESTAT’ = 2 THEN GO TO 2000 REM 
TEMP HI 

940 RETURN REM IF SLAVESTAT’ 

<> 0,1,OR2 


1000 REM ROUTINE TO SERVICE LOW TEMP 
ALARM CONDITION 

1999 RETURN 

2000 REM ROUTINE TO SERVICE HI TEMP 

ALARM CONDITION 


2999 RETURN 

Status checks of the slaves can be performed at a rate of 4 per 
second. The structure of a status checking routine is shown in 
Figure 3. 

HOST/SLAVE CONNECTION 

MCComm supports a multidrop/distributed configuration of a 
master connected to slave devices such as the ones shown in 
Figure 4. Unlike many data highways, no special communications 
hardware is required since we use a simple asynchronous ASCII- 
based serial link to connect the devices. This eliminates the 
need to purchase expensive interface boxes and specialized test 
equipment. The master/slave communication link can be confi¬ 
gured in either point-to-point or multidrop (party line) config¬ 
urations. Various hardware interface media such as RS-232C, 
20mA, and modems can be used with the MCComm packages. 
You can also easily mix different devices since all slaves running 


MCComm look the same. The protocol can support up to 255 
slaves on the same commimications link in a modem configuration. 
In a multidrop configuration, up to 16 slaves can be connected 
on the same 20mA link. 

COMMUNICATIONS PROTOCOL 

MCComm protocol establishes a set of rules that are followed 
when transmitting data between different devices. MCComm is 
a command/response, packet-oriented protocol with all the com¬ 
munication requests originating from the host. The relationship 
between host and remote devices is that of a master and slaves. 
Address recognition is provided in the slave package to enable a 
series of multidrop slaves to share a single communication line 
with the master. Reliable data transmission is provided using 
check sum and character parity error detection. The MCComm 
master packages also contain time-out detection to prevent system 
hangup in the event that a slave fails to respond or a communication 
link failure occurs. If an error is detected by the master, it 
automatically tries again to communicate with the slave. If, after 
retrying, it still cannot achieve error-free communication to a 
slave device, the master communication package reports an 
error to the applications program. 

RUN-TIME COMMUNICATIONS 

The MCComm Master and MCComm Slave communications 
packages provide support for run-time data communications 
between devices. Run-time means that both sides (master and 
slave) of the communications process must have a running ap¬ 
plications program in order for data to be transferred. This data 
transfer is transparent to the user since it is done through MCConim 
software routines which are called from the user’s application 
program. 

Data, in the form of integer, real, and strings, are passed between 
the host and slave as an accessible data arrays. They are accessed 
from the application program using high level command calls. 

HOST INDEPENDENT 

MCComm provides host and media independent communications 
to the user. The simple ASCII-based protocol has been designed 
in such a way that nearly any host not supported by ADI can be 
tied into a MCComm communication if it has a RS-232C or 
20mA serial port. The user’s guide clearly defines the master/slave 
protocol which gives the systems programmer the ability to 
develop a master communication routine for other computers. 


MASTER 



SLAVE SLAVE 


Figure 4. Hierarchical Serial Data Link Configuration 
Supported, by MCComm 
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DOCUMENTATION 

MCComm is furnished with full tutorial documentation to allow 
a user with little or no data communications experience to feel 
comfortable installing, using, and maintaining this communica¬ 
tions system. Documentation for MCComm includes a general 
MCComm Guide, the MCComm Master User’s Guide and the 
MCComm Slave User’s Guide. The MCComm Guide answers 
communications questions that the user may have, whether it be 
on recommended communications media or the nature of com¬ 
munications principles in general. The guide includes a discussion 
on ASCII asynchronous serial communications, media selection, 
hardware configurations and communications media installation 
as well as providing information on the communications protocol. 
The MCComm Master and Slave User’s Guides detail the software 
structure and describe how to write application programs using 
MCComm software. 

DISTRIBUTION OF MCComm 

There are two types of MCComm software modules, one for the 


host and one for the slave. They are installed by the user and 
supplied in floppy disk or PROM form. 

SUMMARY 

MCComm is ideal for users of Analog Devices’ jxMAC and 
MACSYM products who want to have a simple but efficient 
method of implementing communication without having to 
write communications software. MCComm provides quick and 
easy startups since it uses high level subroutine calls to interface 
with your program. Data integrity is maintained with error 
detection and automatic retry facilities which are built into the 
package. A simple protocol makes troubleshooting straightfor¬ 
ward. MCComm’s open architecture and straightforward design 
makes it easy to port to other hosts. The software can operate 
over virtually any media, ranging from shielded twisted pair, to 
telephone lines, to radio links, to broadband coaxial cable systems. 
And, finally, the protocol allows up to 255 devices on one com¬ 
munications line. 


ORDERING INFORMATION 

To use MCComm, both a master and a slave package must be selected that runs on the appropriate unit. 

SOFTWARE PRODUCTS 


OPERATING 


P/N 

MCCOMM-M120 

USED ON 
MACSYM120 
IBM PC/XT* 
MACSYM 260^ 

SYSTEM 

CCP/M 

MCCOMM-M150 

MACSYM 150 
MACSYM 260^ 

MP/Mor 

CCP/M 

MCCOMM-S120 

MACSYM 120 
IBM PC/XT 
MACSYM 260^ 

CCP/M 

MCCOMM-S150 

MACSYM 150 
MACSYM 260^ 

MP/Mor 

CCP/M 

MCCOMM-S5000 

p.MAC-5000 

REV1.3 

or 

later 


MEDIA 

DESCRIPTION 

Floppy Disk 

MACBASIC Master Software 
MACBASIC Master User’s Guide 
MCComm User’s Guide 

Floppy Disk 

MACBASIC MASTER Software 
MACBASIC Master User’s Guide 
MCComm User’s Guide 

Floppy Disk 

MACBASIC SLAVE Software 
MACBASIC SLAVE User’s Guide 
MCComm User’s Guide 

Floppy Disk 

MACBASIC SLAVE Software 
MACBASIC SLAVE User’s Guide 
MCComm User’s Guide 

ROM 

pMACBASIC SLAVE Software 
IxMACBASIC SLAVE User’s Guide 
MCComm User’s Guide 


NOTE 

’Attn. MACSYM 260 Users - To install MCComm communications and develop application programs, you must have either a 
MACSYM 121, MACSYM 150 or IBM PC/XT with a compatibility kit. The MCComm Software is ordered for the workstation. 
Programs are then downloaded to MACSYM 260’s or burned into EPROMs. 

*IBM PC/XT is a trademark of International Business Machines Corporation. 
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ANALOG 

DEVICES 


Two Channel 
Isolated Analog Output Module 


QMXAO 


FEATURES 

Two Independent Analog Output Channels 
12-Bit Resolution, ±0.05% Accuracy 
Simultaneous Voltage and Current Outputs per 
Channel 

High CMV Isolation: ± 1000V Peak 

Plugs into Sockets on the pMAC-5000 or pMAC-4010 

APPLICATIONS 

Excitation Source (Strain Gage and Potentiometers) 
Proportional Control 
Current-to-Position Converter 
Low-Cost Multiloop Controller 
Furnace and Oven Control 


GENERAL DESCRIPTION 

The QMXAO is a two channel, analog output module that 
plugs into any QMX socket on the pMAC-5000 Master Board 
or pMAC-4010 Expander Board. It allows a user to add analog 
output capability to a pMAC-5000 Master Board without the 
need for an analog output expander board (pMAC-4030). 

Each analog channel has two tracking outputs; a 0 to + lOV or 
± lOV voltage output and a 4-to-20mA or 0-to-20mA current 
loop output. In addition to the 12-bit resolution and ±0.0S% 
accuracy, each channel is isolated to ± lOOOV peak from each 
other and also from system ground. 

The drive capability in the voltage output mode is ± 4mA minimum 
at full scale range (± 15mA for ranges up to ± 5V) and is protected 
against shorts to ground. Loop power is internally provided for 
the current loop output and is capable of driving resistive loads 

of 0 to soon. 

The QMXAO is a low cost solution to adding analog output 
capability to a jjlMAC-SOOO system. The QMXAO can be ordered 
separately and installed by the user in an existing p.MAC-5000 
system or ordered configuration on a p.MAC-5000 or p.MAC-4010 
board. Up to three QMXAO modules can be installed on a 
board. It can be mixed with any combination of QMX input 
modules. 

APPLICATIONS 

Analog outputs are required to drive actuators, position valves 
or operate set point controllers in control applications, or to 
drive recorders or indicators in monitoring applications. The 
voltage output mode can also be used as an excitation source for 
sensors such as strain gages and load cells. For example, a 3500 
strain gage can be excited by setting the voltage output to + 5 V 



Q DEVICES OMIAO 

TWO CHANNEL ISOLATED 

analog output module 



(thereby drawing less than 15mA). To optimize accuracy, trimpots 
allow optional adjustment of the excitation source. 

Figure 1 shows a fjLMAC-5000 configured with a single QMX03 
input module and two QMXAO output modules implementing 
four PID control loops. The QMX modules provide total isolation 
on both analog inputs and outputs. The simultaneous output on 
the QMXAO is driving a recorder which is monitoring the 
output drive level. 

Another potential application could be the p.MAC-5000 operating 
in a supervisory mode (performing monitoring or control functions 
and communicating to a host computer), where the QMXAO 
output is controlling the set point of a dedicated process 
controller. 
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SPECIFICATIONS 


(^fpicai +251! and noiranal poiiifer supply voltage) 


Number of Channels 


2 

Output Types per Channel 


Isolated Voltage and Current 

Voltage Output 

Output Range^ 

Resolution 

Accuracy (% Span)^ 

Oto + lOV^ 

2.68mV 

±0.05 

±10V^ 

5.4mV 

±0.1% 

Current Drive 

0to±5V: ±15mA 



± 5 to ± lOV: Derated to + 4mA 
±10Vto±llV: ±L8mA 


Monotonicity 


Guaranteed, 0 to + 60°C 

Offset TC 


±0.001% of Span X 

SpanTC 


± 0.003% of Span °C 

Settling Time 

Full Scale Step Change 


bOOfjis 

Output Resistance 


o.m 

Output Protection^ 


2 Minutes Short to Ground 

Common-Mode Rejection (S> 50/60Hz 


106dB 

Current Output^ 

Output Range^’^ 

Resolution 

Accuracy (% Span) 

0-to-20mA 

5.4|xA 

±0.05 

4-to-20mA 

5.4u,A 

±0.05 

Monotonicity 


Guaranteed, 0 to + 60°C 

Offset TC 


± 0.002% of Span°C 

SpanTC 


±0.004% of Span/°C 

Settling Time 

Full Scale Step Change 


600)xs 

Conmion-Mode Rejection 

50/60Hz,Rl = 2500 


104dB 

Load Resistance Range^ 


0to500nmax 

Isolated Loop Power 


Internally Provided 

Output Protection 


BOV rms continuous 

CMV Isolation 

Channel-to-Channel, Input-to-Output 


± lOOOV peak Continuous 

IJiMAC Board Compatibility 


liMAC-4010’ and iaMAC-5000 

Number of QMXAO per Board 


Up to 3 

AOTX Execution Time 


25ms 

p,MACBASIC Software Requirement 


Rev 1.4 or higher® 


NOTES 

* +10% overrange capability in software. 

^Factory-calibrated system accuracy. Can be user-trimmed to higher accuracy if volts^e output currents do not exceed 5mA and current outputs are not used. 

^One channel only. 

^If voltage output is configured for ± lOV (bipolar), the current output accuracy on the same channel degrades to 2.5% which cannot be trimmed for higher accuracy. 
^ ± 0. SmA maximum load current available on voltage output when using current output operation. 

^User must provide loop power (up to + 30V) for higher load resistance ranges. 

’^QMXAO can be used on |jlMAC- 4010 only when in a p,MAC-5000 system. 

*The QMXAO can be used with earlier releases of software by using a p,MACBASIC procedure included with the module. 

Specifications subject to change without notice. 
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ANALOG IBM PC/XT/AT Compatible 

DEVICES Multifunction Analog and Digital Board 

RTI-800/815 


FEATURES 

RTI-800 Analog Input and Digital I/O Board 
16 Analog Input Channels (Expandable to 32) 
Software Programmable Gain 1, 10, 100 and 500 
12-Bit 25ps A/D (Optional 8 and 12ps Versions) 
Throughputs up to 71,000 Sample/Second 
Three A/D Trigger Modes Including External Trigger 
8 Digital Input and 8 Digital Output Channels 
3 Counter/Timer Channels 

RTI-815 Multifunction Analog Input/Output and Digital 
I/O Board 

(Same Features as RTI-800 and Includes) 

2 Analog Output Channels 
12-Bit Resolution 

GENERAL 

Supports DMA, Polled Status and Interrupt 
Operation 

Compatible to IBM PC/XT/AT* or Equivalent 
Optional Screw Termination Panels 

SOFTWARE 

Callable Machine Language Routines for Analog and 
Digital I/O 

High-Level Language Support 
BASIC, PASCAL, C, FORTRAN and TURBO 
PASCAL Running under PC-DOS 
Calibration Routines 

TYPICAL APPLICATIONS 
Electronic Test 
Quality Assurance 
Data Logging 
Machine Control 
Analytical Data Acquisition 

GENERAL DESCRIPTION 

The RTI-800 and RTI-815, IBM-compatible members of the 
RTI® Interface family, are multifunction analog and digital 
I/O boards that plug into one of the expansion slots in the IBM 
PC/XT/AT. Their functions include analog input, analog output 
(RTI-815 only) digital I/O and time related functions. 

The boards provide data acquisition for 16 single-ended or 8 
differential channels with optional expansion to 32 single ended 
or 16 differential channels. The instrumentation amplifier is 
software selectable for gains of 1, 10, 100 and 500 which increases 
the dynamic input range for a variety of input signals. Combining 
this with a sample-hold circuit and a 12-bit A/D converter, the 
data acquisition section features ±0.02% accuracy and 12-bit 
resolution with conversion times of either 8,12 or 25|xs (depending 
on option). The RTI-815 provides two analog output channels 
consisting of two 12-bit D/A converters. 

RTI is a registered trademark of Analog Devices, Inc. 

*IBM PC/XT/AT is a trademark of International Business Machines 
Corporation 


Process Control 
Robotics 
Imaging 
Instrumentation 



The digital I/O is brought out on a separate connector and 
contains 8 digital inputs and 8 digital outputs. A counter/timer 
device is used to generate a pacer clock for A/D triggers and can 
be set up for event counting, frequency measurements, time 
proportional outputs, or single pulse outputs. This provides two 
channels of frequency measurements to lOOkHz or three channels 
for event counting or pulse train outputs. 

There are six interrupt lines (jumper selectable) to select from 
which are used by the PC to indicate an end of conversion. 
Several modes of A/D operation are possible, since the RTI-800/815 
contains the hardware necessary to support Direct Memory 
Access (DMA), Polled Status, or Interrupt Operation. 

The RTI-800/815 maps into the I/O channel address structure 
as 16 consecutive bytes, addressable in any unoccupied 16-byte 
boundary via a DIP switch. The board contains a dc/dc converter 
and is powered from the PC’s + 5V supply. It installs in one of 
the long slots in the PC expansion bus. 

FUNCTIONAL DESCRIPTION 

The RTI-800/815 is a multifunction analog/digital input/output 
board that plugs into one of the available long expansion slots in 
the IBM PC, PC/XT, PC/AT, or equivalent personal computer. 
The RTI-800 board has capabilities for analog input, digital 
input and output, and time-related digital I/O functions (through 
the AM9513A Counter/Timer chip). The RTI-815 board has the 
same capabilities as the RTI-800, along with two analog output 
channels. 


This two-page data summary contains key specifications to speed your selec¬ 
tion of the proper solution for your application. Additional information on this 
product can be obtained from your local sales office. 
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(typical @ 7S^ with nominal power supply voHase unless otheiwise noted) 


ANALOG INPUT 
Number of Input Channels^ 


Analog Resolution 
A/DRanges* 

Analog Input Codes' 

Instrumentation Amplifier Gain Ranges 
A/D Conversion Time (Converter Only)^ 


16 Single-Ended, 16 Pseudo-Differential, or 8 Differential Inputs Expandable to 
32 Single-Ended, 32 Pseudo-Differential, or 
16 Differential Input Channels Using the 
Multiplexer Expansion Kit (ADI Part Number OAIO) 

12 Bits (4096 Counts) 

OtolOV; ±5V; ±10V 

Binary, Two’s Complement 

1,10,100,500V/V (Software Selectable) 


RTI-800 and RTI-815 

25pLS 

RTI-800-A and RTI-815-A 

12p.s 

RTI-800-FandRTI-815-F 

Spis 

System Throughput* 


RTI-800andRTI.815 

32.2kHz 

RTI-800-A and RTI-815-A 

55.5kHz 

RTI-800-F and RTI-815-F 

71.4kHz 


Measurement Accuracy 


Input Overvoltage Protection 
' Input Impiedance 
Input Bias Current 
Common Mode Voltage (CMV) 
Common Mode Rejection (CMR) 
Linearity 

Differential Nonlinearity 
T emperature Coefficients 
Gains 

Offset 


± 0.02% of Full-Scale Range (lOV) 

± 0.03% of FuU-Scale Range (IV) 

± 0.12% of Full-Scale Range (100m V) 

± 0.25% of Full-Scale Range (20mV) 

± 35V (Powered), ± 20V (Unpowered) 

>io«n 

±20nA 
± lOV min 
80dB 
± 1/2LSB 
± ILSBmax 

± 30ppm/‘’C of Full-Scale Range(lOV) 

± 100ppm/°C of Full-Scale Range (20mV) 
± 10ppm/°C of Full-Scale Range (lOV) 

± 100ppm/°C of Full-Scale Range (20mV) 


ANALOG OUTPUT (RTI-815 ONLY) 
Number of Output Channels 
Output Voltage Ranges * 

D/A Resolution 
Analog Output Accuracy 
D/A Input Codes' 

Differential Nonlinearity'* 

Output Settling Time (Converter Only) 
Monotonicity 
Temperature Coefficients 
Gains 
Offset 

Output Protection 
DIGITAL I/O 
Digital I/O 

Input/Output Configuration 
TIME-RELATED DIGITAL I/O 
Number of Counter/Timer Channels* 
Modes of Operation 

SYSTEM CONFIGURATION 
Bus Resource Utilization 
Address 

Data Acquisition Modes 
Compatibility 

PHYSICAL/ENVIRONMENTAL 
I/O Connector 
Analog I/O (J2) 

Digital I/O (Jl) 

Dimensions (Including Connector) 
Operating Temperature Range 
Storage Temperature Range 
Relative Humidity 
POWER 

Power Consumption 


2 

Oto + lOV, ±10V@2mA 
12 Bits (4096 Counts) 

±0.02% 

Binary, Two’s Complement 
± ILSBmax 

20>jis(to ± 1/2LSB, lOV Step) 

Guaranteed Over Operating Temperature 

± 15ppm/°C of Full-Scale Range 
±25(xV/°C 

Short-to-Ground, Continuous 


8-Bit Digital Input Port and 8-Bit Digital Output Port, Polarity Inverted 
for Solid-State Relay Subsystem Compatibility (Active Low) 

TTL Compatible 

3 

Event Counting, Frequency Measurement, Pulse Output, 

Time Proportional Outputs 

Occupies One Long Slot in the IBM Expansion Bus 
Switch-Selectable I/O Location (16 Consecutive Bytes in 512-Byte Block) 
High Speed Scan and Collect A/D Conversions Require Availability of DMA 
and Interrupt. Polled Status Does Not Require This Source 
IBM, Compaq, or Other IBM-Compatible Backplane 


50-Pin Male Ribbon Connector 

34-Pin Male Ribbon Connector 

4.2"(10.6cm) X 13.1"(33.2cm) x l"(2.54cm) 

0 to + 70°C 

-25°Cto +85°C 

Up to 90% (Noncondensing) 

+ 5V@1.1A 


NOTES 

’ J umper selectable. 

^The A/D conversion must be initiated through the software convert command, an external convert pulse, or the pacer output of the 
AM9513 A Counter/Timer chip. If using an external convert command pulse, it must be an LSTTL input signal, falling edge sensitive, 
with a minimum pulse width of200ns. 

^System throughput calculated for multiple channel scan at a gain of 1. The throughput will be less for higher gain settings. 

Note that throughput includes the 5p.s time required for each DMA data transfer (two transfers per A/D conversion). 

Throughput = A/D conversion time + data transfer time. 

“Monotonic over operating temperature range. 

^The AM9513 A Counter/Timer chip is used to provide the time-related functions. In addition, there is a dedicated 4-bit frequency output channel. 
Extensive assembly language programming is required to use these functions. 

Specifications subject to change without notice. 
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ANALOG 

DEVICES 


IBM PC/xr/AT Compatible 
Analog Output Board 


RTI-802 


FEATURES 

4 or 8 Analog Input Channels 
12-Bit Resolution 

0 to + 10V or ± 10V Output Range 
GENERAL 

Compatible to IBM PC/XT/AT* or Equivalent 
Optional Screw Termination Panels 

SOFTWARE 

Callable Machine Language Routines for Digital I/O 
High Level Language Support 
BASIC, PASCAL, C, FORTRAN and TURBO 
PASCAL running under PC-DOS 
Calibration Routines 

APPLICATIONS 

Precision Voltage Outputs 

Position and Motion Control 

Generate Set-Point Values for Loop Controllers 

GENERAL DESCRIPTION 

The RTI-802 analog output board, an IBM-compatible member 
of the RTI® Interface family, comes in two versions: a 4-channel 
(RTI-802-4 board) and an 8-channel board (RTI-802-8) for 
high-channel capacity applications. The analog outputs are user 
selectable for 0 to lOV or ± lOV and are protected from shorts 
to ground. There is one 12-bit D/A converter per channel for 
maximum update rates. 

The RTI-802 maps into the I/O channel structure as 4 consecutive 
bytes, addressable to any unoccupied 4-byte boundary via a DIP 
switch. The board contains a dc/dc converter and is powered 
from a PC’s + 5V supply. It installs in one of the long slots in 
the IBM PC/XT/AT. 

Typical applications for the RTI-802 include direct control valve 
positioning or as a stimuli in test applications, utilizing a variable 
voltage output. The board can also be used for analog control in 
a process or laboratory application where material transfer rates, 
fluid flow, power consumption, motor speed, temperature levels, 
etc., are to be controlled. In a supervisory control applications, 
the generated analog outputs are used to provide set points to 
analog loop controllers. 




PC BUS 


Figure 1. RTI-802 Block Diagram 


RTI is a registered trademark of Analog Devices, Inc. 

*IBM PC/XT/AT is a trademark of International Business Machines 
Corporation. 
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SPECIFICATIONS 


(typical @ 7SPC with nominal supply voltage unless otherwise noted) 


ELECTRICAL 

Number of Analog Output Channels 
RTI-802-4 
RTI-802-8 

Analog Voltage Ranges.^ 

D/A Resolution 
Analog Output Accuracy 
D/A Input Codes^ 

Differential Nonlinearity 
Output Settling Time (Converter Only) 
Temperature Coefficients 
Gain 
Offset 

Output Protection 

SYSTEM CONFIGURATION 
Bus Resource Utilization 
Address 
Compatiblity 

PHYSICAL/ENVIRONMENTAL 

I/O Connector 

Dimensions 

Operating Temperature Range 
Storage T emperature Range 
Relative Humidity 

POWER 

Power Consumption 
NOTES 

‘Jumper selectable. 

Specifications subject to change without notice. 


4 

8 

Oto+iOV, ±10V@2mA 
12 Bits (4096 Counts) 

± 0 . 02 % 

Binary, Two’s Complement 
± ILSBmax 

20fjLS (to ± 1/2LSB, lOV Step) 

± 15ppm/°C of Full-Scale Range 

±25y.VrC 

Short-to-Ground, Continuous 

Occupies One Long Slot in the IBM Expansion Bus 
Switch Selectable I/O Location (4 Bytes in 512 Byte Block) 
IBM, Compaq, or Other IBM-Compatible Backplanes 

26-Pin Male Ribbon Cable 

13.8"(35cm) x 5"(12.72cm) x 1"(2.54cm) 

0 to + 70°C 

-25°Cto +85°C 

Up to 90% (Noncondensing) 

+ 5Vdc@0.5amp 
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ANALOG 

DEVICES 


IBM PC/XT/AT Compatible 
Digital Input/Output Board 


RTI-817 


FEATURES 

24 Channels of Digital Input/Output 
Three 8-Bit Groups Independently Selectable for I/O 
Interrupt Generation on Change of State 
Compatible to 16 and 24 Position Solid-State Relay 
Subsystems 

GENERAL 

Compatible to IBM PC/XT/AT* or Equivalent 
Optional Screw Termination Panels 

APPLICATIONS 

Parallel Data Transfer to PC 

Digital I/O Control 

AC or DC Monitoring and Control of Voltages 
Relay Control 


GENERAL DESCRIPTION 

An IBM-compatible member of the RTI® Interface family, the 
RTI-817 is a 24-channel (bit) input and output board that plugs 
into one of the expansion slots in the IBM PC/XT/AT. The 
board can be used with TTL low-level input/output circuitry or 
with solid-state relay subsystems (16- or 24-channel versions) to 
provide 2500V isolation for interfacing with high-level ac and dc 
signals. 

The 24-channel capability of the RTI-817 is divided into three 
ports (or groups) with 8 bits per group. These eight bit ports 
can be configured for either a digital input or output function. 

There are two unique features associated with the RTI-817: an 
eight-bit latching capability and an interrupt on change of state. 
The latching capability is software or hardware selectable. It 
stores the state of eight digital input lines in a register which 
can then be read from the PC data bus. Interrupt generation 
occurs when one of the eight digital input channels changes 
state in a single port. This feature frees up the PC to do other 
activities since there is no need to poll the digital input port for 
an event to occur. 

The RTI-817 can be installed in either a long or short slot in 
the IBM PC/XT/AT. The board maps into the I/O channel 
address structure as 4 consecutive bytes, addressable in an unoc¬ 
cupied 4-byte boundary using a DIP switch. The board operates 
from the bus + 5V power source. 

Typical applications of the RTI-817 include sensing and control 
of high-level signals, sensing low-level (TTL) switches or signals, 
driving indicator lights or controlling recorders, and parallel 
data transfer (via software) to computers or panel meters. 




Figure 1. RTI-817 Block Diagram 


RTI is a registered trademark of Analog Devices, Inc. 

*IBM PC/XT/AT is a trademark of International Business Machines 
Corporation. 
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SPECIFICATIONS 


(typically at + 25"^! and nominal power supply voltage unless otherwise specified) 


DIGITAL INPUT AND OUTPUT 

NUMBER OF CHANNELS 

I/O CONFIGURATION^ 

INPUT SPECIFICATION 


OUTPUT SPECIFICATIONS 


MAXIMUM APPLIED VOLTAGE 
ISOLATION VOLTAGE 
SYSTEM CONFIGURATION SPECIFICATIONS 
Bus Resource Utilization 

Address 

Digital Input Monitoring Modes 
Compatibility 

PHYSICAL/ENVIRONMENTAL SPECIFICATIONS 

I/O Connector 

Dimensidns 

Operating Temperature Range 
Storage T emperature Range 
Relative Humidity 
POWER 

Power Consumption 
NOTES 

‘Polarity inverted for solid-state relay compatibility (active low) such a 
Specifications are subject to change without notice. 


24, Selectable in 8-Bit Groups or Ports 
Inputs or Outputs 

TTL Compatible 

ViH = 2.0V min 
ViL== 0.8V max 
IiL=L5mAmax 
IiH=20pAmax 

VoH = 2.4V min 
VoL = 0.5 V max 
IoL = 23mA 
IoH = 3.6mA max 

7Vdc 
N/A 

Occupies One Short or Long Slot in IBM Expansion Bus. 

Use of Interrupt Channel is Optional 

Switch Selectable I/O Locations (4 Consecutive Bytes in 
512 Byte Block) 

Interrupt Line Required for Use as System Priority Interrupt 
IBM, Compaq, or Other IBM-Compatible Backplane 

50-Pin Male Ribbon Connector 
5 7/8 in. (14.4 cm.) x 5 in. (17.2 cm.) x 1 in. (2.54 cm.) 

OX to +70X 
-25Xto+85X 
Up to 90% (Non-Condensing) 

+ 5V dc @ 0.5A max 

OPTO-22 or equivalent. 
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ANALOG 

DEVICES 


CMOS STD Compatible 
Analog and Digital I/O Cards 

RTI-1280 Series 


FEATURES 

RTI-1280 Analog Input Card 
16SE/8D Analog Input Channels 
Jumper Selectable Gains of 1,10,100 and 500 
12-Bit A/D Resolution 

RTI-1281 Analog Input/Output Card 
(Same Features as RTI-1280 and Includes) 

2 Analog Output Channels 
12-Bit Resolution 

RTI-1282 Analog Output Card 
4 or 8 Analog Outputs 
12-Bit Resolution 

4-20mA Current Loop Outputs (optional) 

RTI-1287 Digital Input/Output Card 
24 Digital Input/Output Channels 
Three 8-Bit Read/Write Ports Control 24 Bidirectional 
Lines 

Compatible to Industry Standard I/O Relay Rack 
(OPTO-22, Gordos) 

GENERAL 

Low Power CMOS Design 
Compatible to all CMOS STD CPU Cards 
Memory or Port I/O Configurable 
Single +5V Power Requirement 
-25°C to +85X Temperature Range 

SERIES DESCRIPTION 

A CMOS STD-compatible family of the RTI® Interface product 
line, the RTI-1280 Series products are analog and digital input/out¬ 
put cards. Designed with high-speed, low-power CMOS tech¬ 
nology, these products provide low-power, high noise immunity, 
and extended temperature ranges operation. They are cost effective 
and provide a convenient means of interfacing your CMOS STD 
bus microcomputer to the real (i.e., analog and digital) world. 

The series consists of an analog input card (RTI-1280), an analog 
I/O card (RTI-1281), an analog output card (RTI-1282) and a 



digital I/O card (RTI-1287): each of which interfaces to the 
CMOS STD bus as either memory mapped or I/O port addressed 
peripherals through user-selectable jumpers. 


APPLICATIONS 

This family of CMOS STD BUS I/O cards from Analog Devices 
solves the problem of interfacing real-world signals to the jjlC 
bus. Using new high-speed analog and digital CMOS technology, 
these cards offer low power, high noise immunity and extended 
operating temperature ranges. Described in this technical docu¬ 
ment are analog and digital interface cards designed for use in 
harsh environments, remote sites, and battery-backed apphcations. 
Applications for these products include: 

Well Site Supervision 
Pipeline Monitoring 
Meterological Data Acquisition 
Process Control 
Medical Electronics 
Battery-Powered Instrumentation 
SCADA Systems 
Energy Management 


Card Type 

Analog Input 
Analog Input/Output 
Analog Output 
Analog Output 
Digital Input/Output 


Model Number 

RTI-1280 

RTI-1281 

RTI-1282-4 

RTI-1282-8 

RTI-1287 


Channel Capacity 
Input Output 

16SE/8D - 

16SE/8D 2 

4 
8 

241/0 


Table I. RTI-1280Series Functional Chart 

RTl is a registered trademaik of Analog Devices, Inc. 


This two-page data summary contains key specifications to speed your selec¬ 
tion of the proper solution for your application. Additional information on this 
product can be obtained from your local sales office. 
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SPECIFICATIONS 


(typical @ 25*1! with nominal supply voltage unless otherwise noted) 


ANALOG INPUTS RTH280/1281 



Number of Input Channels 

16 Single-Ended, 16 Pseudo-Differential or 8 Differential (Jumper Selecuble) 

Input Overvoltage Protection * 

± 35 V (Dielectrically Isolated) 

Input Impedance 

>10*D 


Input Bias Current 

±S0nA 


Common-Mode Voltage (CMV) 

± lOVmin 


Instrumenution Amplifier Gain Ranges^ 

1,10,100,500 (Jumper Selecuble) 

(Provisions for a Resistor Programmable Gain Up to 1000) 

Common-Mode Rejection Ratio (CMRR) 

86dB 


A/DRanges 

Oto + lOV, ± lOV (Jumper Selecuble) 

A/D Resolution 

12 Bits 


A/D Conversion Time 

55mls 


Throughput (Multiple Channels) 

12,000 Channels/sec 

(Gain=l,10) 


10,000 Channels/sec 

(Gain=100) 


7,500 Channels/sec 

(Gain = 500) 

(Single Channel) 

16,000 Channels/sec 

(Gain=l,10,100) 

Temperature Coefficients 



Gain 

± 30ppm/°C of FSR 

(Gain=l) 


± 100ppm/X)ofFSR 

(Gain = 500) 

Offset 

± 30ppm/°C of FSR 

(Gain=l) 


± lOOppm/’GofFSR 

(Gain = 500) 

Differential Nonlinearity 

± 1/2LSB 


Total System Errors 

±0.02% of FSR (G 

= 1) 


±0.05% of FSR (G 

= 10) 


±0.07% of FSR (G 

= 100) 

1 

±0.1% of FSR (G 

zm _ 


ANALOG OUTPUT RTI-1281/1282 
Number of Output Channels 


D/A Input Codes 
Output Voltage Ranges 
Output Cturent Range 
Differential Nonlinearity 
Nonlinearity 

Gain Error (Adjustable to Zero) 
Offset Error (Adjustable to Zero) 
Output Settling Time 
Temperature Coefficient 
Gain* 

Offset 


2(RTI-1281) 

4(RTM282-4) 

8(RTM282-8) 

Binary, Offset Binary (Jumper Selecuble) 

0to + 5V, 0to + lOV, ± 5V, ± lOV @2mA (Jumper Selecuble) 

4 to 20mA Using V/I inverters’ Option (RTI- 1 282 Only) 

± 1/2LSB 
±0.01%ofFSR 
± 0 . 01 %‘ 

± 0 . 01 %* 

200M.S (to ± 1/2LSB) for Full Scale Step Change 
± 35ppm/®C of FSR 

± 15ppm/°CofFSR_ 


MNEM 


MIN 

TYP 

MAX 

UNITS 

Compatibility 

STD CMOS Bus (Processor Independent) 

VoL 

Low Level Voltage 


0.2 

0.4 

V 

Implentenution 

Memory or I/O Port Mapped 


(Iql ~ 20mA) 





Expansion Option 

MEMEX and lOEXP Fully Supported 

loL 

Low Level Current 

20 

25 


mA 


via Jumper Options 


(Vol=+.4V) 





Address Selection 

Jumper Selecuble 

VoH 

High Level Voltage 


2.4 


V 

POWER REQUIREMENTS^ 



(foH~ ■“0.118mA) 





RTI-1280 


loH 

High Level Current 

-.118 



mA 

Sleep Mode 

270mW typ, 380mW max 


(VoH = + 2.4V) 





Multiple Conversion Mode 

440mW typ, 580mW max 

Vext 

Supply Voltage to 

■f4.5 


+ 30.0 

V 

RTI-1281 



M^uleRack 





Sleep Mode 

270mW typ, 380mW max 

Iext 

Supply Current to 



500 

mA 

Multiple Conversion Mode 

500mW typ, 740mW max 


module rack 





RTI-1282-4 

350mW typ, 650mW max* 

Icc 

Supply Current 





RTI-1282-8 

550mW typ, 1.1W max* 


(Vcc™ 5.0V ± 10%) 





RTI-1287 

30mW (All Outputs OFF) 275mW max 


All Outputs ON 


40 

50 

mA 


(All Outputs ON, Vcc =+ 5.5V) 


All Outputs OFF 


6 

9 

mA 

Voltage 

+ 5V ±10% (On-Board dc/dc Converter 

I/O CONNECTION 






Generates ± 15 V to Power Analog Circuit) 

RTM280/128I / 

3M #3494,34-Pin IDE 


ENVIRONMENTAL 


RTI-1282 

3M #3429,26-Pin IDE 


^ Operating Temiperature 

- 25“C to + 85‘’C (- 40“C to + 85^ on RTI-1287) 

RTI-1287 

50-Pm, Edge Connector, 0.1 Spacing 

Storage Temperature 

-55Xto+85“C 


Relative Humidity, Noncondensing 0 to 9S% 


NOTES 

' Specified for a tingle channel with power applied, ± 20V with power off. 

^Gun ranges above SOO (through uaer-inatalM resiator) nuy be subject to higher differential nonlinearity erronf. 
’±25ppin/^ofFSRfroin0to+85‘C. 

*Maaimum power specified at Vcc + S.SV, output current of 2niA where applicable. 

*Does not include optional V/1 converter (OA08) at SOmWeach. 

^Accuracy at factory calibrated range of ± lOV. ErroratOto -fSVis ± 0.09 typ which is 
adjustable to zero. 

FSR - FuU Scale Range. 

Specifications subject to change srithout notice. 
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ANALOG 

DEVICES 


The Complete 
Signal Conditioning I/O Subsystem 


3B Series Update 


INPUT MODULE FEATURES 
Wide Variety of Sensor Inputs 
Thermocouples, RTDs, Strain Gages, AD590/AC2626, 
LVDTs 

Duai High-Level Outputs 
Voltage: 0 to +10V or ±10V 
Current: 4-20mA/0-20mA (except 3B47) 

Mix and Match Capability 
Sensor Signais, mV, V, 4-20mA/0-20mA, Frequency 
High Accuracy: ±0.1% 

Low Drift: ±1p,V/X 
Reliable Transformer Isolation: 

± 1500V CMV, CMR = 160dB 

Meets IEEE-STD-472: Transient Protection (SWC) 

Input Protection: 130V or 220V rms Continuous 
Low Cost Per Channel 

GENERAL DESCRIPTION 

The 3B Series Signal Conditioning I/O Subsystem, described on 
the following page, is continually evolving to meet new and 
changing signal conditioning needs. Its capabilities have been 
extended with the introduction of two new input modules: the 
3B47 Linearized Thermocouple Conditioner and the 3B17 LVDT 
Signal Conditioner. 

Each input module is a single-channel signal conditioner that 
plugs into sockets on the backplane and accepts its signal from 
the input screw terminals. All input modules provide input 
protection, amplification and filtering of the signal, accuracy of 
±0.1%, low drift of l|xV/°C (low-level input modules), and 
feature two high-level analog outputs that are compatible with 
most process instrumentation (the 3B47 has only voltage out). 
The isolated input modules also provide ± 1500V isolation. 

The choice of a specific module depends on the type of input 
signal and also whether an isolated or nonisolated interface is 
required. Input modules are available to accept millivolt, volt, 
process current, thermocouple, RTD, strain gage, LVDT, and 
AD590 inputs. The voltage output of each module is available 
from the voltage I/O connector while the current output (except 
3B47) is available on the output screw terminals. 

LINEARIZED THERMOCOUPLE INPUT MODULE 

The 3B47 accepts its signal from type J, K, T, E, R, S, and B 
thermocouples and, unlike other 3B modules, provides only a 0 
to + lOV output. The input signal is internally linearized to 
provide an output which is linear with temperature. This isolated 
thermocouple module incorporates cold jimction compensation 
circuitry which provides an accuracy of ±0.5X over the +5°C 
to + 45°C ambient temperature range. Open thermocouple de¬ 
tection (upscale) is also provided. 



LVDT INPUT MODULE 

Model 3B17 is a nonisolated, wideband input module that accepts 
signals from 4-, 5-, or 6-wire LVDT or RVDT transducers. 
Unlike other 3B modules, all zero and span calibration is accom¬ 
plished by screwdriver adjustments. Gain can be adjusted on a 
256:1 range with a combination of a rotary switch and a poten¬ 
tiometer. Zero suppression is output referred and can provide a 
±5V adjustment. The 3B17 provides an ac excitation of 1-5V 
rms at frequencies ranging from IkHz to lOkHz. 

INPUT MODULE SPECIFICATIONS 


Input Types 

Thermocouples: J, K, T, E, R, S, B 
RTDs: lOOfi Platinum (linearized) 

Strain Gage Transducers: 

± 30mV and ± lOOmV spans 
Solid State Temperature Transducers: 
AD590 or AC2626 

DC Voltage: ±10mV, ±50mV, + lOOmV 
±1V, ±5V,±10V 
DC Current: 4 to 20mA, 0 to 20mA 

Outputs (Simultaneous) 

0 to + lOV or ± lOV and 
4 to 20mA or 0 to 20mA* 

Performance 
Accuracy: ±0.1% of span 
Nonlinearity: ±0.01% of span 
Bandwidth: 3Hz (-3dB) 

Isolated Modules 
Conunon Mode Voluge, 

Input to Output: ± 1500V pk continuous 


Transient Protection: Meets lEEE-Std 472 (SWC) 
Normal Mode Input Protection: 220V rms 
continuous 

Current Output Protection: BOV rms 
continuous 

Common Mode Rejection @ 50Hz or 60Hz: 

160dB 

Normal Mode Rejection @ 50Hz or 60Hz: 

60dB 

Nonisolated Modules 
Common Mode Voltage: ±6.5V 
Normal Mode Input Protection: BOV rms 
continuous 

Current Output Protection: BOV rms 
continuous 

Common Mode Rejection @ 50Hz or 60Hz: 

90dB 

Normal Mode Rejection @ 50Hz or 60Hz: 

60dB 

*3847, 0 to + lOV only. 

Specifications subject to change without notice. 


This two-page data summary contains key specifications to speed your 
selection of the proper solution for your application. Additional information 
on this product can be obtained from your local sales office. 
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3B SERIES SUBSYSTEM FEATURES 
Low Cost, Completely Integrated 16>Channel Modular 
Signal Conditioning Subsystem 
Wide Selection of Functionally Complete Input and 
Output Plug-In Modules, 

Rugged Industrial Chassis, Rack or Surface 
Mounted On-Board Power Supplies Available 
Analog Input Modules Available for Direct Interface to 
a Wide Variety of Signal Sources 
Thermocouples, RTDs, Strain Gages, LVDTs 
Millivolt and Voltage Sources, 

4-20mA/0-20mA Process Current Inputs 
Current Output Modules 
4-20mA/0-20mA Outputs 
Complete Signal Conditioning Function 
Input Protection, Filtering, Amplification, 

Galvanic Isolation to ± 1500V, 

Wide-Range Zero Suppression, 

High Noise Rejection and RFI/EMI Immunity, 
Simultaneous Voltage and Current Outputs 

GENERAL DESCRIPTION 

The 3B Series Signal Conditioning I/O Subsystem provides a 
low cost, versatile method of interconnecting real world analog 
signals to a data acquisition, monitoring or control system. It is 
designed to interface directly to analog signals such as ther¬ 
mocouple, RTD, Strain Gage, LVDT, or AD590/AC2626 solid 
state temperature sensor outputs or millivolt or process current 
signals and convert the inputs to standardized analog outputs 
compatible with high level analog I/O subsystems. 

The 3B Series Subsystem consists of a 19" relay rack compatible 
universal mounting backplane and a family of plug in (up to 16 
per rack) input and output signal conditioning modules. Eight 
and four channel backplanes are also available. Each backplane 
incorporates screw terminals for sensor inputs and current outputs 
and a connector for high level single ended outputs to the user’s 
equipment. 


Some typical uses are in mini- and microcomputer based systems, 
standard data acquisition systems, programmable controllers, 
analog recorders, dedicated control systems, and any other ap^ 
plications where monitoring and control of temperature, pressure, 
flow, and analog signals are required. Since each input module 
(except the 3B47) features two simultaneous outputs, the voltage 
output can be used to provide an input to a microprocessor 
based data acquisition or control system while the current output 
can be used for analog transmission, operator interface, or an 
analog backup system. 

DESIGN FEATURES AND USER BENEFITS 
Ease of Use: Direct sensor interface via screw terminals, stan¬ 
dardized high level outputs, factory precalibration of each unit 
and the modular design make the 3B Series Subsystem extremely 
easy to use. The subsystem features rugged packaging for the 
industrial environment and can be easily installed and 
maintained. 

High Protection and Reliability: All field wired term^ations 
offer 130V or 220V rins normal mode protection. To assure 
connection reliability, gold plated pin and socket connections 
are used throughout the system. The isolated modules offer 
protection against high common mode voltages and are designed 
to meet the IEEE Standard for Transient Voltage Protection 
(472-1974: SWC). 

High Performance: The high quality signal conditioning features 
±0.1% calibration accuracy and chopper-based amplification 
which assures low drift (± l|xV/°C) and excellent long term 
stability. For thermocouple applications, high accuracy cold 
junction sensing is provided in the backplane on each channel. 
Low drift sensor excitation is provided for RTD, strain gage, 
and LVDT models. For RTD models, the input signal is linearized 
to provide an output which is linear with temperature. 

3B SERIES SUBSYSTEM SPECIFICATIONS 

OUTPUT MODULES POWER SUPPLIES 


The input and output modules are offered in both isolated 
(± 1500V peak) and nonisolated versions. The input modules 
feature complete signal conditioning circuitry optimized for 
specific sensors or analog signals and provide high level analog 
outputs. Each input module provides two simultaneous outputs:, 
0 to lOV (or ± lOV) and 4-20mA (or 0-20mA) (the 3B47 has no 
current output). Output modules accept high level single ended 
signals and provide an isolated or nonisolated 4-20mA (or 0-20mA) 
process signal. All modules feature a universal pin-out and may 
be readily “mixed and matched” and interchanged without 
disrupting field wiring. 

Each backplane contains the provision for a subsystem power 
supply. The 3B Series Subsystem can operate from a dc/dc 
converter or ac power supply mounted on each backplane or 
from externally provided dc power. Two LEDs are used to 
indicate that power is being applied. 

APPLICATIONS 

The Analog Devices 3B Series Signal Conditioning Subsystem is 
designed to provide an easy and convenient solution to signal 
conditioning problems in measurement and control applications. 


Input 

0 to + lOV or ± lOV 

Output 

4 to 20mA or 0 to 20mA 

Performance 

Accuracy: ±0.1% of span 

Nonlinearity: ±0.01% of span 

Isolated Module 

Common Mode Voltage, 

Input to Output: ± 1500V pk continuous 

Current Output Protection 
Transient: Meets lEEE-Std 472 (SWC) 
Continuous: 220V rms 

Nonisolated Module 

Current Output Protection: 130V rms 
continuous 

BACKPLANES 

Channel Capacity 
3B01: 16 channels 
3B02: 8 channels 
3B03: 4 channels 


Backplane Mounted: 

100, 115, 220, 240V ac, 50/60Hz 
or +24V dc 
External Power Option 
±15Vdcand +24V dc 

MECHANICAL 

Input or Output Modules: 

3.150" X 0.775" X 3.395" 

(80.0mm x 19.7mm X 86.2mm) 

Backplanes: 

3B01: 17.40" x 5.20" x 4.37" 

(442.0mm X 132.1mm x 111.1mm) 
3B02: 11.00" x 5.20" x 4.37" 

(279.4mm x 132.1mm x 111.1mm) 
3B03: 7.80" X 5.20" x 4.37" 

(198.1mm X 132.1mm x 111.1mm) 

ENVIRONMENTAL 

Temperature Range, Rated Performance: 

-25°C to +85“C 
Storage Temperature Range: 

-55“C to +85°C 

Relative Humidity: Conforms to MIL*STD 202, 
Method 103 

RFI Susceptibility: ±0.5% span error, 

5W @ 400MHz @ 3 ft. 

Specifications subject to change without notice. 
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Product Families Not in This Databook 
(But Still Available) 


The information published in this Databook is intended to assist the user in choosing components for the design of new 
equipment, using the most cost-effective products available from Analog Devices. The popular product types listed below 
may have been designed into your circuits in the past, but they are no longer likely to be the most economic choice for 
your new designs. Nevertheless, we recognize that it is often a wise choice to refrain from redesigning proven equipment, 
and we are continuing to make these products available for use in existing designs or in designs for which they are uniquely 
suitable. Data sheets on these products are available upon request. 


AD108/208/308 

ADC1105 

RTI-1202 

184 

AD108A/208A/308A 

ADC1109 

RTI-1230 

230 

ADlll/211/311 

ADCllll 

RTI-1231 

232 

AD351 

ADC1133 

RTI-1232 

233 

AD370/371 

ADG200 

RTI-1240 

260 

AD502 

ADG201 

RTI-1241 

261 

AD511 

BDM1615/1616/1617 

RTI-1242 

272 

AD512 

DAC-M 

RTI-1243 

273 

AD514 

DAC-QG 

RTI-1250 

275 

AD520 

DAC-QM 

RTI-1251 

276 

AD523 

DAC-QS 

RTI-1252 

285 

AD528 

DAC-QZ 

SCM1677 

288 

AD530 

DAC-IODF 

SDC1604 

310 

AD531 

DAC-IOZ 

SHA-IA 

311 

AD540 

DAC1009 

SHA-2A 

424 

AD559 

DAC1106 

SHA-3 

426 

AD801 

DAC1108 

SHA-4 

428 

AD2003 

DAC1118 

SHA-5 

432 

AD2008 

DAC1125 

SHA-1114 

433 

AD2009 

DAC1132 

SHA-1134 

434 

AD2020 

DAC1420 

THC-0750 

435 

AD2022 

DAC1422 

THC-1500 

436 

AD2023 

DAC1423 

THS-0060 

440 

AD2033 

DAS1150 

THS-0225 

441 

AD7513 

DAS1151 

40 

450 

AD7519 

MAS-0801 

42 

452 

AD7527 

MAS-1001 

43 

454 

AD7544 

MDA-IOZ 

44 

456 

AD7555 

MDH-0870 

45 

605 

AD7570 

MDH-1001 

46 

606 

AD7583 

MDH-1202 

48 

610 

ADC-QM 

MDS-0815 

52 

751 

ADC-QU 

MDS-0815E 

105 

752 

ADC-8S 

MDS-1020 

118 

756 

ADC-IOZ 

MDS-1020E 

119 

934 

ADC-12QZ 

MDS-1240 

141 

942 

ADC-14I/17I 

MDSL-0825 

146 

944 

ADC-16Q 

MDSL-1035 

148 

946 

ADCllOO 

MDSL-1250 

165 

947 

ADC1102 

RTI-1200 

180 

956 

ADC1103 

RTI-1201 

183 
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Substitution Guide for Product Famiiies 
No Longer Avaiiable 


The products listed in the left-hand column are no longer available from Analog Devices. In many cases, comparable fimctions 
and performance may be obtained with newer models, but-^s a rule-they are not directly interchangeable. The closest 
recommended Analog Devices equivalent, physically and electrically, is listed in the right-hand column. If no equivalent is 
listed, or for further information, get in touch with Analog Devices. 



Closest 


Closest 


Recommended 


Recommended 

Model 

Equivalent 

Model 

Equivalent 

AD501 

AD511 

107 

118 

AD505 

AD509 

108 

52 

AD508 

AD517 

no 

48 

AD513 

AD503 

111 

AD308 

AD516 

AD506 

114 

119 

AD550 

None 

115 

43 - 

AD551 

None 

120 

50 

AD553 

None 

142 

48 

AD555 

AD7519 

143 

52 

AD810-813 

None 

149 

50 

AD814-816 

None 

153 

AD517 

AD818 

None 

161 

165 

AD820-822 

None 

163 

165 

AD830-833 

None 

170 

171 

AD835-839 

None 

220 

234 

AD840-842 

None 

231 

233 

AD5010/6020 

AD9000 

274J 

284J 

AD7516 

AD7510DI 

279 

286J 

ADCn21 

AD7550 

280 

281 

ADM501 

ADM501/506 

282J 

292A 

ADP501 

ADP511 

283J 

292A 

CAV-1020 

MOD-1020 

301 (module) 

52 

DAC-lOH 

DAC-IOZ 

302 

310 (module) 

DAC1112 

DAC12QS 

350 

None 

DAC1122 

AD7541 

427 

424 

IDC1703 

IRDC1730/1731 

602J10 

AD524 

MDA-LB 

None 

602J100 

AD524 

MDA-LD 

None 

602K100 

AD524 

MDA-UB 

None 

603 

AD524 

MDA-UD 

None 

901 

904 

MDA-8H 

MDA-IOZ 

907 

921 

MDA-lOH 

MDA-IOZ 

908 

921 

MDA-llMF 

AD7521 

909 

921 

MDS-0830 

HDS-0820 

931 

None 

MDS-0850 

HDS-0820 

932 

None 

MDS-1040 

HDS-1025 

933 

None 

MDS-1080 

HDS-1025 

935 

None 

MDSL-0802 

HDS-0820 

948 

947 

MDSL-1002 

HDS-1025 

971 

921 

MDSL-1201 

HDS-1250 

AD612 

AD524 

SERDEX 

M,MAC-5000 

AD614 

AD524 

SHA-6 

SHA1144 



TSDC1608-1611 

TSL1612 



2N3954 

None 



2N5900 

None 



41 

AD515 



47 

48 



101 (module) 

45 



102 

48 



106 

118 
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Technical Publications 


TECHNICAL PUBLICATIONS 

Analog Devices provides a wide array of FREE technical publi¬ 
cations. These include Data Sheets for all products; Catalogs; 
Application Notes and Guides; and four serial publications: 
Analog Productlogi a digest of new-product information, MCDigest, 
a quarterly digest of measurement-and-control system applications, 
feedback, and information for (and from) system users; Analog 
Briefings, current infoimation about products for military/avionics 
and the status of reliability at ADI; and Analog Dialogue, our 
technical magazine, with in-depth discussions of products, tech¬ 
nologies, and applications. 



In addition to the free publications, three technical Handbooks, 
and Synchro & Resolver Conversion, are available at reasonable 
cost. System and subsystem products are supported with hardware, 
software, and user documentation, at prices related to content. 

Brief descriptions of typical publications appear below. For 
copies of any items, to subscribe to any of our free serials, or to 
request any other publications, please get in touch with Analog 
Devices or the nearest sales office. 

CATALOGS 

im DATA-ACQUISITION PRODUCTS DATABOOK. 

Two volumes of data sheets for all Analog Devices ICs, hybrids, 
modules, and subsystem components recommended for new 
designs. It alternates with new-product supplement: 1986 
UPDATE AND SELECTION GUIDE (this book). 



1985 MILITARY PRODUCTS DATABOOK. 480 pages of 
information and data on products processed in accordance with 
MIL-STD-883C Class B. 


PS« '' f'' 
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APPLICATION NOTES AND GUIDES 
Application Notes. If a page number is given for an Application 
Note, it can be found in 1984 Databook, Volume 1. All others 
are available individually upon request. 


A/D Converters: Page 

“AD670 8-Bit A/D Converter Applications.” * 

“Exploring the AD667 12-Bit Analog Output Port.” * 

“The AD7574 Analog-to-Microprocessor Interface.” 20-59 


“Temperature Measurement System with 10-Bit 
Resolution Using the AD7571 10-Bit ADC and 
AD594/595 Thermocouple Amplifiers.” 
Amplifiers: 

“An IC Amplifier User’s Guide to Decoupling, 
Grounding, and Making Things Go Right for a 


Change.” 20-13 

“Applications of High-Performance BIFET Op 

Amps.” 20-73 

“A User’s Guide to IC Instrumentation Amplifiers.” 20-21 

“How to Select Operational Amplifiers.” 20- 3 

“How to Test Basic Operational-Amplifier 

Parameters.” 20- 9 

“Low-Cost, Two-Chip Voltage-Controlled Amplifier 

and Video Switch.” * 

D/A Converters: 

“AD7528 Dual 8-Bit CMOS DAC.” 20-59 

“CMOS D/A Converter Circuits for Single + 5-Volt 

Supplies.” 20-69 

“CMOS DACs in the Voltage-Switching Mode Can 
Work from a Single Supply, Including Output 
Op Amp, for Fast Response, No Offset-Induced 
Nonlinearity.” 20-41 

“Gain Error and Tempco of CMOS Multiplying 

DACs.” 20-37 

“Interfacing the AD558 DACPORT'^^ to 

Microprocessors”. 20-31 

“Interfacing the AD7549 Dual 12-Bit DAC to the 

MCS-48 and MCS-51 Microcomputer Families.” * 

“Methods for Generating Complex Waveforms and 

Vectors Using Multiplyihg D/A Converters.” 20-43 

“Simple Interface Between D/A Converter and 


Microcomputer Leads to Programmable Sine-Wave 
Oscillator.” 


*Available upon request. 


(continued) 
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“The AD7224 DAC Provides Programmable Voltages 


over Varying Ranges.” * 

“Three-Phase Sine-Wave Generation Using the 

AD7226 Quad DAC.” * 

“Understanding LOGDACs'^^.” 20-65 

Good Practice: 

“Shielding and Guarding.” 20-85 

“Understanding Interference-Type Noise.” 20-81 

Resolver-to-Digital Conversion: 


“Dynamic Resolution-Switching on the 1S74 Resolver- 
to-Digital Converter.” 

“Resolver-to-Digital Conversion—^A Simple and 
Cost-Effective Alternative to Optical Shaft 
Encoders.” 


“Why the Velocity Output of the 1S74 and 1S64 
Series R/D Converters is Continuous and Step-Free 
Down to Zero Speed.” * 

Sample-Holds: 

“Applying IC Sample-Hold Amplifiers.” * 

Switches: 

“Behind the Switch Symbol; Use CMOS Analog 
Switches More Effectively when You Consider 
Them as Circuits.” 20-49 

“Generate 4 Channels of Analog Output Using AD7542 
12-Bit D/A Converters and Control It All with 
Only Two Wires.” * 

V/F Converters: 

“Operation and Applications of the AD654 IC V-to-F 
Converter.” * 

♦Available upon request. 



Application Guides Available upon Request 
CMOS DAC Application Guide by Phil Burton (1984 - 64 pages). 
Introduction to CMOS DACs, Inside CMOS DACs, Basic Ap¬ 
plication Circuits in Current-Steering Mode, Single-Supply 
Operation Using Voltage-Switching Mode, The Logic Interface, 
Applications. 

RMS-to-DC Conversion Application Guide by Charles Kitchin 
and Lew Counts (1983 - 46 pages). RMS-DC Conversion: Theory, 
Basic Design Considerations; RMS Application Circuits; Testing 
Critical Parameters; Input Buffer Amplifier Requirements; 
Programs for Computing Errors, Ripple, and Settling Time. 

Angular and Linear Data Conversion —^A 12-page short-form 
guide to analog-digital conversion products for synchros, resolvers, 

♦Inductosyn is a registered trademark of Farrand Industries, Inc. 


and Inductosyns*, in forms ranging from hybrid ICs to instruments 
and systems. 

f 

Applications Guide for Isolation Amplifiers and Signal Conditioners — 
A 20-page guide to specifications and applications of galvanically 
isolated amplifiers and signal conditioners for industrial, in¬ 
strumentation, and medical applications. 

A Cookbook to Digital Filtering and Other DSP Applications—A 
collection of reprints of papers that originally appeared in EDN 
Magazine during 1983. Topics include: FIR filtering, temporal 
averaging, multiband filters, HR filtering, and implementing 
modern control theory with digital signal processing. 

High-Speed Data Conversion —^A 12-page short-form guide to 
video and other high-speed a/d and d/a converters and accessories, 
in forms ranging from monolithic ICs to card-level products. 
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BOOKS—Can be purchased from Analog Devices, Inc.; send Analog Devices, Inc. (1974). A 540-page guide to multiplying 
check for indicated amount to P.O. Box 796, Norwood MA and dividing, squaring and rooting, rms-to-dc,conversion, and 

02062-0007. multifunction devices. Principles, circuitry, performance, 

specifications, testing, and application of these devices. 

ANALOG-DIGITAL CONVERSION HANDBOOK: Third 325 illustrations. $5.95 

Editioriy by the Engineering Staff of Analog Devices, edited by 

Daniel H. Sheingold. Englewood Cliffs, NJ: Prentice-HaU (1986). SYNCHRO & RESOLVER CONVERSION, edited by Geoff 
A comprehensive guide to A/D and D/A converters and their Boyes. Norwood MA: Analog Devices, Inc. (1980). Principles 

applications. This third edition of our classic is in hardcover and practice of interfacing synchros, resolvers, and Inductosyns^^ 

and has more than 700 pages, an Index, a Bibliography, and to digital and analog circuitry. $11.50 

much new material, including: video-speed, synchro-resolver, 

V/F, high-resolution, and logarithmic converters, ICs for TRANSDUCER INTERFACING HANDBOOK: A Guide to 

DSP, and a “Guide for the Troubled.” Seven of its 22 chapters Analog Signal Conditioning, edited by Daniel H. Sheingold. 
are totally new. $32.95 Norwood MA: Analog Devices, Inc. (1980). A book for the 

electronic engineer who must interface transducers for tempera- 

NONLINEAR CIRCUITS HANDBOOK: Designing with ture, pressure, force, level, or flow to electronics, these 260 

Analog Function Modules and ICs, by the Engineering Staff of pages tell how transducers work—as circuit elements—and how 

Analog Devices, edited by Daniel H. Sheingold. Norwood MA: to connect them to electronic circuits for effective processing of 

their signals. $14.50 
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Worldwide Service Directory 

North America 


Alabama 


(205)536-1506 

(B) 

Alasica 


*(617)329-4700 

(B) 

*(714)641-9391 

(B) 

*(408)947-0633 

(B) 

Arizona 


*(714)641-9391 

(C) 

(602)949-0048 

(C) 

*(303)691-5582 

(S) 

Arkansas 


*(214)231-5094 

(C) 

*(713)664-6704 

(C) 

*(405)751-5336 

(S) 

California 


*(714)641-9391 

(B) 

*(408)947-0633 

(B) 

*(619)268-4621 

(C) 

Colorado 


*(714)641-9391 

(C) 

*(303)691-5582 

(S) 

(303)443-5337 

(C) 

(303)590-8906 

(C) 

Connecticut 


*(617)329-4700 

(B) 

(516)673-1900 

(C) 

Delaware 


*(215)643-7790 

(B) 

*(301)992-1994 

(S) 

Florida 


(305)855-0843 

(B) 

(305)724-6795 

(S) 

(813)693-1076 

(S) 

Georgia 


(404)449-7662 

(B) 

Hawaii 


*(714)641-9391 

(B) 

Idaho 


*(206)251-9550 

(C) 

*(303)691-5582 

(S) 

(303)443-5337 

(C) 

Illinois 


*(312)350-9399 

(B) 

(312)945-8700 

(C) 

Indiana 


*(312)653-5000 

(C) 

(317)244-7867 

(C) 

*(317)849-0688 

(S) 

Iowa 


*(312)350-9399 

(B) 

(312)945-8700 

(C) 

*(612)829-1212 

(S) 


Kansas 


*(312)350-9399 

(B) 

(913)829-2800 

(C) 

Kentucky 


*(312)350-9399 

(C) 

(615)459-0743 

(B) 

Louisiana 

*(713)664-6704 

(C) 

*(713)664-5866 

(S) 

Maine 

*(617)329-4700 

(B) 

Maryiand 

*(215)643-7790 

(C) 

*(301)992-1994 

(S) 

(301)799-7490 

(C) 

Massachusetts 

*(617)329-4700 

(B) 

Michigan 

*(312)350-9399 

(C) 

*(313)694-5450 

(S) 

(313)882-1717 

(C) 

Minnesota 

*(312)350-9399 

(C) 

*(612)829-1212 

(S) 

(612)835-2414 

(C) 

Mississippi 

(205)536-1506 

(B) 

Missouri 

*(312)350-9399 

(B) 

(314)725-5361 

(C) 

Montana 

*(714)641-9391 

(C) 

*(303)691-5582 

(S) 

(303)443-5337 

(C) 

Nebraska 

*(312)350-9399 

(B) 

(913)829-2800 

(C) 

Nevada 

*(408)947-0633 

(C) 

*(714)641-9391 

(C) 

*(303)691-5582 

(S) 

New Hampshire 
*(617)329-4700 

(B) 


New Jersey 


*(215)643-7790 

(B) 

*(617)329-4700 

(C) 

*(201)634-7800 

(S) 

(516)673-1900 

(C) 

New Mexico 


(505)262-1416 

(C) 

(505)298-0998 

(S) 

New York 


*(201)634-7800 

(S) 

*(716)425-4101 

(C) 

*(315)437-5277 

(C) 

(516)673-1900 

(C) 

North Carolina 


(919)273-3040 

(C) 

(919)373-0380 

(S) 

(919)787-0808 

(S) 

North Dakota 


*(312)350-9399 

(C) 

*(612)829-1212 

(S) 

(612)835-2414 

(C) 

Ohio 


*(614)764-8795 

(C) 

*(216) 562-3115 

(S) 

*(614)764-8870 

(S) 

(216)248-4995 

(C) 

Oklahoma 


*(214)231-5094 

(C) 

*(713)664-6704 

(C) 

*(405)751-5336 

(S) 

Oregon 


*(206)251-9550 

(C) 

(503)224-0583 

(S) 

Pennsylvania 


*(215)643-7790 

(B) 

*(412)885-6625 

(S) 

*(614)764-8795 

(C) 

(412)487-3801 

(C) 

Rhode Island 


*(617)329-4700 

(B) 

South Carolina 


(919)273-3040 

(C) 

(404)449-7662 

(S) 

(919)373-0380 

(S) 

South Dakota 


*(312)350-9399 

(C) 

*(612)829-1212 

(S) 

(612)835-2414 

(C) 

Tennessee 


(205)536-1506 

(B) 

(615)459-0743 

(S) 


Texas 


*(214)231-5094 

(C) 

*(713)664-6704 

(C) 

*(713)664-5866 

(S) 

Utah 


*(408)947-0633 

(B) 

*(303)590-8906 

(C) 

*(303)691-5582 

(S) 

(801)466-9336 

(C) 

Vermont 


*(617)329-4700 

(B) 

Virginia 


*(301)992-1994 

(S) 

(301)799-7490 

(C) 

Washington 


*(206)251-9550 

(C) 

(206)643-1793 

(S) 

(503)224-0583 

(S) 

West Virginia 


*(614)764-8795 

(C) 

*(614)764-8870 

(S) 

(412)487-3801 

(C) 

Wisconsin 


*(312)350-9399 

(B) 

*(612)829-1212 

(S) 

(414)784-7736 

(C) 

Wyoming 


*(408)947-0633 

(C) 

*(303)691-5582 

(S) 

(303)443-5337 

(C) 

Puerto Rico 


*(617)329-4700 

(B) 

Canada 


(416)821-7800 

(C) 

(613)729-0023 

(C) 

(514)697-0804 

(C) 

(604)984-4141 

(C) 

(416)451-0813 

(S) 

(514)331-2032 

(S) 

(403)258-0422 

(S) 

(403)468-1661 

(S) 

Mexico 


*(617)329-4700 

(B) 
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International 


Argentina 


Hong Kong 


(1)379890 

(C) 

(3)855020 

(B) 

Australia 


India 


(02)8888777 

(B) 

(44)510403 

(B) 

(03)5750222 

(B) 

(812)560011 

(B) 

Austria 


(22)318000 

(B) 

(222)2355550 

(B) 

(11)6434274 

(B) 

*(222)885504 

Belgium 

*(3)2371672 

( ) 

(B) 

Ireland 

*(01)9410466 
(United Kingdom) 

(B) 

(353) (01) 452311 

(B) 

Brazil 


(Dublin, Ireland) 


(11)2310277 

(C) 

Israel 


Denmark 


*(052)28995 

(B) 

*(2)845800 

(B) 

Italy 


Finland 


*(2)6883831 

(B) 

(0)372300 

(B) 

(2)9520551 

(B) 

France 

*(1)46873411 
*(76) 222190 
*(61)408562 
*(99)535200 
*(8)3516331 


(51)555614 

(B) 

(B) 

(B) 

(B) 

(B) 

(B) 

(49)633600 

(6)316204 

(55)894105 

(11)599224 

*(2)6883832 

*(2)6883833 

(B) 

(B) 

(B) 

(B) 

(B) 

(B) 

Holland 


*(6)8393405 

(B) 

*(1620)81500 

(B) 

*(6)831 2377 

(B) 



*(11)6504572 

(B) 


Japan 


Sweden 


*(3)2636826 

(B) 

*(8)282740 

(B) 

*(6)3721814 

(B) 

Switzerland 


Korea 


*(22)315760 

(B) 

(2)5813107 

(B) 

*(22)318720 

(B) 

Malaysia 


*(01)4927766 

(B) 

(65)5632512 

(B) 

Taiwan 


(Singapore) 


(2)5018231 

(B) 

New Zealand 


United Kingdom 


(9)592629 

(B) 

*(01)9410466 

(B) 

Norway 

(2)123600 

(B) 

*(01)9411066 

*(021)4559395 

(B) 

(B) 

*(279)418611 

(B) 

People's Republic 


*(635)35335 

(B) 

of China - Beijing 


*(506)30306 

(B) 

890721-Ext. 444 

(B) 

(Scotland) 


Romania 


West Germany 


*(22)315760 

(B) 

*(89)570050 

(B) 

(Switzerland) 


*(4181)8051 

(B) 

Singapore 


*(721)616075 

(B) 

(65)5632512 

(B) 

*(30)316441 

(B) 

South Africa 


*(221)686006 

(B) 

(11)7863710 

(B) 

Yugoslavia 


Spain 


*(22)318720 

(B) 

(1)7543001 

(B) 

(Switzerland) 


(3)3007712 

(B) 




♦ANALOG DEVICES, INC. DIRECT SALES OFFICES 
B-ALL PRODUCT LINES 
C-COMPONENTS 
S-SYSTEMS 


WORLDWIDE HEADQUARTERS 

TWOTECHNOLOGY WAY* NORWOOD, MASSACHUSETTS 02062-9106 U.S.A. 
TEL: 1617)329-4700,FAX: (617)326-8703,TWX: (710)394-6577,TELEX: 174059 
Cable: ANALOG NORWOODMASS 
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Product index to All Volumes 


Boldface listings contain information on new products. In addition, boldface listings for older products indicate newly available 
options or revisions to the information presented earlier. In cases where more than one hsting is shown, the boldface listing 
should be used for new designs. 


Alpha-Numeric by Model Number 


This 

Model# Vol.I Vol.II Vol. 

AC2626 .. 9- 13 

ADIOIA.. 4 - 17 

AD201A.4-17 

AD202 . 3-5 

AD204 . 3-5 

AD293 . 5- 13 

AD294 . 5- 13 

AD295 3-13 

AD301A.4-17 

AD301AL.4-17 

AD346 . 14- 11 

AD362 . 15 -5 

AD363 . 15 - 13 

AD364 . 15 -25 

AD365 . 3-19 

AD367 3-27 

AD369 . 3-29 

AD375 3-39 

AD376 . 3-41 

AD380 . 4-21 

AD381 .4-27 

AD382 .. 4-27 

AD389 .. 14- 17 

AD390 . 9-27 

AD394 3-49 

AD395 . 3-49 

AD503 . 4- 35 

AD504 . .. 4-39 

AD506 .. 4-35 

AD507 . 4-47 

AD509 .. 4- 51 

AD510 ..4-55 

AD515 4-59 

AD517 ..4-65 

AD518 .. 4-71 

AD521 .5-21 

AD522 . 5 - 27 

AD524 . 5 - 31 

AD532 . 6- 17 

AD533 . 6- 23 

AD534 . 6-27 

AD535 . 6- 37 

AD536A ..6-43 

AD537 .. 11 -7 

AD538 . 3-57 

AD539 . 6-49 

AD542 . 4-75 

AD544 . 4-79 

AD545 . 4- 83 

AD547 . 4- 87 

AD548 . 3 - 65 

AD558 .. 9- 35 

AD561 .9-43 


This 


Model # 

Vol.I 

Vol.II Vol. 

AD562 .. 

. . . . 9-51 


AD563 . 

.... 9-51 


AD565A. 

.... 9-57 


AD566A. 

.... 9-65 


AD567 .. . . 

.... 9-73 


AD569 . 

.... 9-81 

3-67 

AD570 . 

.... 10 - 27 


AD571 . 

... .10-31 


AD572 . 

.... 10 - 39 


AD573 .. 

... .10-47 


AD574A. 

... .10-55 


AD575 . 

... .10-67 

3-79 

AD578 . 

.... 10 - 73 

3-87 

AD579 . 

.... 10 - 79 


AD580 . 

.... 7-5 


AD581 . 

.... 7-9 


AD582 . 

... .14-23 


AD583 . 

.... 14 - 27 


AD584 . 

.... 7-17 


AD585 . 

... .14-31 

3-93 

AD588 . 


3-99 

AD589 . 

.... 7-25 


AD590 . 

.... 8-15 


AD592 . 

.... 8-23 

3 -103 

AD594 . 

.... 8-31 


AD595 . 

.... 8-31 


AD596 . 

.... 8-39 


AD597 . 

.... 8-39 


AD611 . 

.... 4-91 


AD624 . 

.... 5-43 


AD625 . .. 

.... 5-55 

3 - 111 

AD630 ........ 

.... 6-57 


AD632 . 

.... 6-67 


AD636 . 

.... 6-71 


AD637 . 

.... 6-77 


AD639 . 


3-123 

AD642 . 

.... 4-95 


AD644 . 

.... 4-99 


AD647 . 

.... 4-103 


AD648 . 


3-135 

AD650 . 

... .11-15 


AD651 . 


3 - 137 

AD654 . 


3-153 

AD667 . 

.... 9-83 


AD670 . 

... .10-85 


AD673 . 

... .10-95 


AD693 . 


3-161 

AD711 . 


3-163 

AD712 . 


3-165 

AD741J/K/L/S . . . . 

.... 4-107 


AD1147. 


3-167 

AD1148. 


3 -167 

AD1170. 


3-173 



(continued) 
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Boldface listings contain information on new products. In addition, boldface listings for older products indicate newly available 
options or revisions to the information presented earlier. In cases where more than one listing is shown, the boldface listing 
should be used for new designs. 


1 


This This 


Model # 

VoI.I 

Vol.II 

Vol. 

Model# 

Vol. I 

Vol.II 

Vol. 

AD1403/1403A .... 

... 7-29 



AD7522 . 

.9-161 



AD1408 . 

... 9-89 



AD7523 . 

.9-167 



AD1508 . 

... 9-89 



AD7524 . 

.9-171 



AD2004 . 


16-9 


AD7525 . 

.9-177 



AD2006 . 


16-11 


AD7528 . 

.9-183 



AD2010. 


16-15 


AD7530 . 

.9-191 



AD2016. 


16- 19 


AD7531 . 

.9-191 



AD2021 . 


16-23 


AD7533 . 

.9-195 



AD2024 . 


16-25 


AD7534 . 

.9-201 


3-197 

AD2025 . 


16-29 


AD7535 . 



3-209 

AD2026 . 


16-33 


AD7536 . 



3-221 

AD2027 . 


16-25 


AD7537 . 



3-233 

AD2028 . 


16-29 


AD7541 . 

.9-203 



AD2036 . 


16-35 


AD7541A. 

.9-209 



AD2037 . 


16-37 


AD7542 . 

.9-215 



AD2038 . 


16-37 


AD7543 . 

. . . . . 9-223 



AD2040 . 


16-39 


AD7545 . 

.9-231 



AD2050 . 


16-43 


AD7546 . 

.9-239 



AD2051 . 


16-43 


AD7547 . 



3-233 

AD2060 . 


16-45 

4-3 

AD7548 . 

.9-247 



AD2061 . 


16-45 

4-3 

AD7549 . 



3-235 

AD2070 . 



4-5 

AD7550 . 

.10-119 



AD2071 . 



4-5 

AD7552 . 

.10-127 



AD2700/2701/2702 . . 

... 7-33 



AD7560 . 

.7-41 



AD2710/2712 . 

... 7-37 



AD7571 . 

.10-139 



AD3554 . 

. . . 4-111 



AD7572 . 



3-243 

AD3860 . 

... 9-93 



AD7574 . 

.10-151 



AD5010. 

. . .10-103 



AD7575 . 



3-247 

AD5200 . 

. . .10-105 



AD7576 ....... 



3-257 

AD5210. 

. . .10-105 



AD7578 . 



3-265 

AD5240 . 

. . .10-111 



AD7581 . 

.10-159 



AD6012. 

... 9-97 



AD7582 . 



3-277 

AD6020 . 

. . .10-103 



AD7590DI . 

. . . . .16-21 



AD7110. 

... 9-103 



AD7591DI . 

.16-21 



AD7111. 

... 9-109 



AD7592DI . 

.16-21 



AD7115. 

... 9-115 



AD7820 . 



3-289 

AD7118. 

... 9-123 



AD7824 . 



3-301 

AD7224 . 

... 9-129 


3-175 

AD7828 . 



3-301 

AD7225 . 



3-183 

AD7845 . 



3-313 

AD7226 . 

... 9 - 133 



AD9000 Series . . . 

.10-167 



AD7240 . 

... 9-145 



AD9685/87 . 

.4-117 



AD7245 . 



3-195 

AD9700 . 



3-315 

AD7248 . 



3 -195 

AD9702 . 



3-319 

AD7501 . 

. . .16-5 



AD9768 . 

.9-261 



AD7502 . 

. . .16-5 



ADADC71/72 . . . 

.10-175 



AD7503 . 

. . .16-5 



ADADC80. 

.10-183 



AD7506 . 

: . .16-9 



ADADC84/85 . . . 

.10-191 



AD7507 . 

. . .16-9 



AD ADC-816 .... 

.10-199 


3-323 

AD7510DI . 

. . .16-13 



ADC1130/1131 . . . 


11-27 


AD7511DI . 

. . .16-13 



ADC1140. 


11-31 


AD7512DI . 

. . .16-13 



ADC1143. 


11-35 


AD7520 . 

... 9-153 



AD DAC-08. 

.9-265 



AD7521 .. 

... 9 - 153 



ADDAC71/72 . . . 

.9-271 




(continued) 
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Boldface listings contain information on new products. In addition, boldface listings for older products indicate newly available 
options or revisions to the information presented earlier. In cases whefe more than one listing is shown, the boldface listing 
should be used for new designs. 


Model# 


Vol. I Vol. II 


Model # 


This 

Vol. I Vol. II Vol. 


ADDAC80.9- 

ADDAC85.9- 

ADDAC87 . ..9- 

AD DAClOO . ..9- 

ADG201A. 

ADG202A. 

ADG221 . 

ADG222 . 

ADLH0032 . 4- 

ADLH0033 . 4- 

AD OP-07.4 - 

AD OP-27.4 - 

AD OP-37. 4- 

ADSHC85. .14- 

ADSHM-5 .. 

ADSP-1008 . 12- 

ADSP-1008A . .. 

ADSP-1009 .12- 

ADSP-1009A. 

ADSP-1010.12 - 

ADSP-lOlOA. 

ADSP-1012.12- 

ADSP-1012A. 

ADSP-1016.12- 

ADSP-1016A. 

ADSP-1024 . 12- 

ADSP-1024A. 

ADSP-1080 . . 12 - 

ADSP-1080A. 

ADSP-1081.12- 

ADSP-1081A. 

ADSP-1101. 

ADSP-1102 .. 

ADSP-1103. 

ADSP-1110.12- 

ADSP-lllOA. 

ADSP-1401. 

ADSP-1410. 

ADSP-1516. 

ADSP.1517. 

ADSP.3210. 

ADSP-3220 . 

ADVFC32.11 - 

API1620/1718 . . 

CAV-0920 . 

CAV-1040 . 

CAV-1202 . 

CAV-1210. . 

CAV-1220 .. 

DAC-08 (see AD DAC-08) 
DAC71/72 (see AD DAC71/72) 
DAC80 (see AD DAC80) 
DAC85(seeADDAC85) 


DAC87(seeADDAC87) 

DAClOO (see AD DAClOO) 

DAC1136. 

DAC1138. 

DAC1146. 

DAS1128. 

DAS1152. 

DAS1153. 

DAS1155. 

DAS1156. 

DAS1157. 

DAS1158. 

DAS1159. 

DRC1745/46.13 - 

DRC1765/66. ..13- 

DSC1705 .. 

DSC1706 . 

DTM1716. 

DTM1717. 

HAS Series.10 - 

HAS-1201 .10 - 

HAS-1202 . 

HAS-1202A. 

HAS-1204 . 

HAS-1409 .. . 10 - 

HDD Series.9 - 

HDD-1206 . 9- 

HDD-1409 . 9- 

HDG Series .9 - 

HDG-0407 . 

HDG-0807 . 

HDH Series.9 - 

HDL 3805 . 

HDL 3806 . 

HDM-1210 ..9 - 

HDS Series.9 - 

HDS-0810E.9- 

HDS-1015E.9- 

HDS-1240E.9- 

HOS-050/050A/050C .4 - 

HOS-060 ........... 4 - 

HOS-lOO ..4- 

HTC Series.14- 

HTC-0500 . 14 - 

HTS-0010.14 - 

HTS-0025 . 14- 

IPA1751 .. 

IPA1764 . 

IRDC1730 . 

IRDC1731. 

IRDC1732 . 13 - 

IRDC1733 .. 

LTS-2010.18- 


(continned) 


1-22 GENERAL INFORMATION 







































































































Boldface listings contain information on new products. In addition, boldface listings for older products indicate newly available 
options or revisions to the information presented earlier. In cases where more than one listing is shown, the boldface listing 
should be used for new designs. 

This This 


Model# 

VoLI 

Vol.II 

Vol. 

MACSYM120. 



4-19 

MACSYM 150 . 


19-1 


MACSYM 200 . 


19-1 


MACSYM 250 . 



4-23 

MACSYM 260 . 



4-27 

MACSYM 350 . 


19-1 


MAH-0801 . 


11-49 


MAH-1001 . 


11-49 


MAS-0801 . 


11-53 


MAS-1001. 


11-53 


MAS-1202 . 


11-53 


MATY Series. 


11-57 


MCComm. 



4-33 

MCI1794 . 


13-31 


MDD Series. 


10-39 


MDMS Series. 


10-43 


MOD-1005 . 


11-61 


MOD-1020 . .. 


11-65 


MOD-1205 . 


11-69 


fjLMAC-4000 . 


18-1 


pMAC-5000 . 


18-3 


OSC1754 . 


13-17 


OSC1758 . 



3-399 

QMXAO. 



4-37 

RCDX1623 . 


13-45 


RDC1721. 

RDC1740/1741/1742 . . . 

. . .13-23 

13-55 


RSCT1621. 


13-65 


RTI-600 . 


17-5 


RTI-602 . 


17-5 


RTI-711. 


17-7 


RTI-724 . 


17-7 


RTI-732 . 


17-7 


RTI-800 . 



4-39 

RTI-802 . 



4-41 

RTI-815. 



4-39 

RTI-817. 



4-43 

RTI-1225 . 


17-9 


RTI-1226 . 


17-9 


RTI-1230 . 


17-11 


RTI-1231. 


17-11 


RTI-1232 . 


17-11 


RTI-1240 .. . 


17-13 


RTI-1241. 


17-13 


RTI-1242 .. 


17-13 


RTI-1243 . 


17-13 


RTI-1250 . 


17-15 


RTI-1251. 


17-15 


RTI-1252 . 


17-15 


RTI-1260 . 


17-17 


RTI-1262 . 


17-17 


RTI-1270 . 


17-19 


RTI-1280 . 



4-45 


Model # 

Vol. I 

Vol. II 

Vol. 

RTM Series. 


13-33 


SAC1763 . 


13-37 


SBCD1752 . 


13-41 


SBCD1753 . 


13-41 


SBCD1756 . 


13-41 


SBCD1757 . 


13-41 


SCDX1623 . 


13-45 


SDC1700 . 


13-49 


SDC1702 . 


13-49 


SDC1704 . 


13-49 


SDC1721 . 


13-55 


SDC1725 . 


13-59 


SDC1726 . 

SDC1740/1741/1742 . . . 

. . .13-23 

13-59 


SHA1144. 


14-15 


SPA1695 . 


13 - 63 


SSCT1621. 


13-65 


STM Series. 


13-33 


THC Series. 


14-19 


THS Series. 


14-19 


TSL1612 . 

1S14. 

1S20. 

. . .13-29 

13-69 

3-401 

1S24. 



3-401 

1S40. 

. . .13-29 



1S44. 



3-401 

1S60. 

. . .13-29 



1S61. 

. . .13-29 



1S64. 



3-401 

1S74. 



3-409 

2B20. 


9-15 


2B22. 


9-19 


2B23. 


9-23 


2B24.. 


9-27 


2B30. 


9-29 


2B31. 


9-29 


2B34. 


9-35 


2B35. 


9-39 


2B50. 


9-41 


2B52. 


9-45 


2B53. 


9-45 


2B54. 


9-47 


2B55. 


9-47 


2B56.. . 


9-53 


2B57. 


9-57 


2B58. 


9-61 


2B59. 


9-63 


2S20. 



3-411 

2S50. 



3-413 

3B Series. 


9-65 

4-47 

4B Series.. . 


9-69 


50/51 . 


4-17 


52. 


4-19 



(continued) 
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Boldface listings contain information on new products. In addition, boldface listings for older products indicate newly available 
options or revisions to the information presented earlier. In cases where more than one listing is shown, the boldface listing 
should be used for new designs. 

This This 


Model# 

Vol.I Vol 

.11 Vol. 

Model# 

Vol.I Vol. 

II 

171 . 

. 4- 

21 

926 . 

. 20 - 

1 

234 ........ 

. 4- 

23 

927 . 

. 20 - 

1 

235 . 

4 - 

23 

928 .. . 

. 20 - 

1 

Ill . 

. 5- 

9 

940 . 

. . . . . 20- 

2 

281 . 

. 5- 

11 

941 . 

. 20 - 

2 

284J ........ 

. 5- 

11 

943 .. 

. 20 - 

2 

286J ... . 

. 5- 

11 

945 . 

. 20 - 

2 

289 . 

. 5- 

17 

949 . 

. 20 - 

2 

290A . 

. 5- 

21 

951 . 

. 20 - 

2 

292A . 

. 5- 

21 

952 . 

. 20 - 

1 

429 . 

. 6- 

9 

953 . 

. 20 - 

2 

442 . 

. 7- 

7 

955 . 

. 20 - 

1 

451 . 

. 12 - 

7 

957 . 

. 20 - 

2 

453 . 

. 12 - 

7 

958 . 

. 20 - 

2 

458 . 

. 12 - 

13 

959 . 

. 20 - 

2 

460 .. 

. 12 - 

13 

960 . 

. 20 - 

2 

755N/P.. 

. 8- 

7 

961 . 

. 20 - 

2 

757N/P. 

8- 

11 

962 . 

. 20 - 

2 

759N/P. 

. 8- 

7 

963 . 

. 20 - 

2 

902/902-2 . 

. 20 - 

1 

964 . 

. 20 - 

2 

903 . 

. 20 - 

1 

965 . 

. . . . . 20- 

2 

904 . 

. 20 - 

1 

966 . 

. 20 - 

2 

905 . 

. 20 - 

1 

967 . 

. 20 - 

2 

906 . 

. 20 - 

1 

968 . 

. 20 - 

2 

915 . 

. 20 ~ 

1 

970 . 

. 20 - 

1 

920 . 

. 20 - 

1 

972 . 

. 20 - 

1 

921 . 

. 20 - 

1 

973 . 

. 20 - 

1 

922 . 

. 20 - 

1 

974 . 

. 20 - 

1 

923 . 

. 20 - 

1 

975 .. 

. 20 - 

1 

925 . 

. ' 20 - 

1 

976 . 

. 20 - 

1 
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